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Oxidized zinc ore in important quantities was first recognized 
in the Tintic district in 1911, during which some shipments were 
made from the May Day mine and deposits of considerable extent 
were located in several other mines. In 1912 the district for the 
first time in its history became an important producer of zinc ore, 
and yielded 22 per cent. of Utah’s zinc output, or 3,709,737 
pounds, figured as spelter, valued at $255,972.27, The largest 
quantities of zinc ore were produced from the May Day and 
Yankee mines, with smaller quantities from the Lower Mam- 
moth, East Tintic Development, Uncle Sam, Gemini, Godiva, and 
the Ridge and Valley mines. Most of these mines continued 
producing in 1913. 

MINERALOGY. 

The principal ore minerals of zinc in the Tintic district are the 
carbonate, smithsonite, and the hydrous silicate, calamine. The 
hydrous carbonates, hydrozincite and aurichalcite, contribute 
small amounts, but are insignificant in themselves. Malachite 
in small amounts is occasionally associated with the zinc minerals. 
The principal gangue minerals, other than unreplaced remnants 

1 Published with the permission of the Director of the U. S. Geological 
Survey. 

2 Heikes, V. C., “ Advance Chapter from Mineral Resources of the United 


States Calendar Year 1912: Precious and Semiprecious Metals in Utah in 
1912,” pp. 11 and 21. 
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of limestone and chert, are the hydrous oxides of iron and man- 
ganese, calcite, aragonite, and gypsum. 

Smithsonite——Smithsonite, the zinc carbonate (ZnCO,) is by 
far the most abundant of the zinc minerals, and presents consid- 
erable variety in the form and color. The pure mineral should 
contain 52 per cent. of metallic zinc, but impurities are usually 
present, lowering the per cent. to 40 or 30, or less. The most 
easily recognizable are the drusy and botryoidal forms which are 
found lining open fractures, bedding planes, or pockets. These 
vary in color from colorless or pale yellowish to green and blue 
where traces of copper carbonate are present, and from pink to 
yellowish and dark-brown where ferric oxide is present. Fine 
rhombohedral terminations and cleavage lines may be detected on 
the drusy or botryoidal surfaces with a strong lens. Occasionally 
smithsonite in minute aggregates with finely botryoidal surfaces 
forms pseudomorphs after calcite scalenohedrons, preserving 
only the general outline of the original crystal. The most com- 
mon variety, however, is a very finely to micro-granular mass of 
gray, brown, or even black color, full of small to minute cavities. 
This variety is distinctly a replacement of limestone, and the 
cavities appear for the most part to represent decrease of volume 
caused by the replacement. 

The specific volume of smithsonite is only 63 per cent. of that 
of calcite (or pure limestone), and would imply a shrinkage of 
37 per cent. if both minerals were pure. The two minerals as 
found, however, are not pure, the limestone containing small 
amounts of insoluble impurities and the smithsonite more or less 
iron carbonate. Furthermore the cavities in the ore may be more 
or less filled by druses, and some of the cavities, especially the 
larger, appear to represent un-replaced limestone, now dissolved, 
rather than shrinkage accompanying replacement. The clearest 
example of this last case is a cellular variety of ore in which 
smithsonite has been deposited along closely spaced bedding 
planes and cross fractures, and the intervening limestone frag- 
ments subsequently removed. 

The presence of iron carbonate was proved qualitatively. in a 
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number of gray smithsonite (“gray zinc”) specimens free from 
ferric oxide coloring. Study of thin sections shows only one 
mineral to be present. In one case the index of refraction 
was determined and found to be 1.835, whereas the indices 
of pure smithsonite and siderite are 1.818 and 1.873 respectively. 
If the index varies directly with the amount of the siderite 
molecule present, the specimen tested contains as much as 30 
per cent. iron carbonate, and corresponds to the variety, monhei- 
mite, which contains 20 per cent. or more of iron carbonate. 
Study of the brown smithsonite (“‘ brown zinc’’) shows the ferric 
oxide coloring matter is in several cases clearly derived by oxida- 
tion of the iron contained in the gray smithsonite. In other 
cases the oxidation is so far advanced that the derivation of the 
iron oxide can only be inferred.’ The dark brown to black smith- 
sonite (“black zinc’) may be attributed to a corresponding oxi- 
dation of manganese carbonate present in the smithsonite, but no 
positive indication of such an origin was found, as the only black 
ore seen was too soft and decomposed to preserve any of its 
original characters. So far as noted, the “ brown zinc” is found 
in the upper parts and the “black zinc” in the lower parts of the 
zinc ore bodies, implying that the manganese compounds, being 
more soluble, were carried to greater depths by the descending 
waters which deposited the ore. The factors, however, controll- 
ing the process of oxidation are so variable, that variations from 
the relations just stated are to be expected. 

Hydrozincite—Hydrozincite is a basic zinc carbonate, per- 
haps ZnCO;.Zn(OH)., and theoretically contains 62 per cent. of 
metallic zinc. It occurs in small amounts, partly as white chalky 
layers of dense or minutely fibrous texture interrupting fibrous 
growths of smithsonite, and as white chalky specks, and patches 
in, or closely associated with the fine granular smithsonite masses. 
Its color may be pale greenish blue owing to admixture of micro- 
scopic flakes of aurichalcite. 

Aurichalcite-—Aurichalcite is a basic carbonate of zinc and 
copper, 2(Zn, Cu)CO ;.3(Zu, Cu)(OH)., whose zine content 
ranges in analyses from 50 to 59 per cent., and whose copper 
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content varies from 15 to 22 per cent. The pure mineral accord- 
ing to Penfield’ contains 53 to 54.4 per cent. Zn and 20 to 21.2 
per cent. Cu. The pure mineral is of pale green to sky blue color, 
of pearly luster, very soft, and occurs in drusy incrustations or 
divergent tufts of columnar crystals. It has also been found, 
in the Yankee mine, as microscopic crystals forming films among 
hydrozincite and smithsonite grains and imparting a pale bluish 
green color to the ore. 

Malachite ——Only one occurrence of malachite (basic copper 
carbonate) was noted in connection with the oxidized zinc ores. 
This was a thin green druse coating a druse of smithsonite. The 
two minerals in this case were in part separated by a white film 
resembling hydrozincite. The occurrence of malachite with hy- 
drozincite and smithsonite in this case is of interest in contrast 
to the occurrence of aurichalcite just noted, as the formula of 
aurichalcite shows it to be equivalent to an equal mixture of 
hydrozincite and malachite. 

Calamine.—Calamine is a hydrous silicate of zinc, whose for- 
mula may be written H,Zn,SiO,, (ZnOH),SiO;, or H,O.2ZnO- 
SiO,. The pure mineral contains 61.8 per cent. of metallic zinc. 
It occurs typically in fine to rather coarse druses, or in radiating 
or diverging aggregates of white, glassy to pearly, blade-shaped 
crystals, lining or filling openings in smithsonite, limestone, and 
leached iron- or manganese-stained material. It occasionally 
may have a delicate pink color in the mines, but this rapidly fades 
to white on exposure to the light. Single crystals are commonly 
bluntly terminated by small pyramid and dome faces. It also is 
present impregnating massive smithsonite or limestone to a small 
extent, and may impregnate or surround microscopic quartz 
grains which are present in the limestone. This latter relation, 
however, is by no means constant. 

Another characteristic occurrence is in layers alternating with 
smithsonite in finely banded more or less porous gray ore, the 
smithsonite forming the lighter opaque, and the calamine the 





1 Penfield, S. L., “On the Chemical Composition of Aurichalcite,’ Amer. 
Jour. Science, 3d ser., Vol. 41, pp. 106-108, 1891. 
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darker glassy layers. The banding in some cases parallels bed- 
ding planes or fractures. ‘This type, in thin section, is clearly a 
replacement of coarse-grained limestone, the layers passing 
through the areas formerly occupied by calcite grains, irrespective 
of boundaries, or of twinning or cleavage planes. This structure 
finds no ready explanation, but may possibly be attributed to 
shrinkage parallel to fractures or bedding planes during deposi- 
tion of the smithsonite, the shrinkage cracks later being filled 
with calamine. In one specimen of this type, the calamine had 
evidently replaced the smithsonite, leaving only a small amount 
of iron and manganese oxides, which preserved the traces of 
former smithsonite layers. An exceptional occurrence, from the 
East Tintic Development mine, is a dark greenish gray type com- 
posed of microscopic calamine impregnating and replacing a 
mixture of calcite and chlorite. This type could not be studied 
in place, but it appears to represent partial replacement of a shaly 
limestone. 

Iron Oxides ——The most common of the iron oxides associated 
with the zinc ores is the yellow to brown hydrous oxide, limon- 
ite; but others, such as goethite, turgite, and earthy hematite, 
the latter two of red color or streak, may also be present. The 
iron oxides occur principally as coloring matter in the brown 
smithsonite (“brown zinc”). They also are present as layers, 
a few inches to a few feet thick, between lead and zinc stopes 
and along. margins of fractures, and may form relatively pure, 
soft, earthy or cellular masses where zinc carbonate has been 
locally removed. Much, if not most, of the iron oxides asso- 
ciated with the zinc ores, has evidently been derived by oxidation 
of the iron carbonate present in smithsonite. The crusts or soft 
brown material, however, which line various openings appear to 
have been deposited directly from solution. 

Manganese Oxides.—Manganese is present mostly as a black 
amorphous mineral, psilomelane or wad, which has the same 
modes of occurrence as the iron oxides just described. It is also 
present as thin drusy layers, in part coating, and in part coated 
by druses of smithsonite. These layers, so far as seen, are too 
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thin for exact determination of the mineral, but resemble both 
in appearance and mode of occurrence the haeterolite (wolf- 
tonite) which is associated with the oxidized zinc ores of Lead- 
ville, Colo. 

Calcite-—Calcite is most conspicuous as colorless flat disclike 
crystals, or white to yellowish or pinkish granular crusts with 
surface terminations of the flat crystals, lining cavities and de- 
posited upon both smithsonite and calamine. It is also deposited 
as single crystals or small groups on calamine, but this associa- 
tion is less common. Both crystals and granular masses may be 
darkened by inclusions of iron and manganese oxides. Besides 
the granular masses, fibrous masses also occur as continuations 
of fibrous smithsonite crusts. The smooth botryoidal surfaces 
or rhombohedral terminations of the smithsonite in this case 
show that the calcite is a distinctly later growth than the 
smithsonite. 

Aragonite (Nicholsonite).—Only one specimen of aragonite 
was noted, from the Gemini mine, but it is stated that the mineral 
has also been found in the May Day mine. The one specimen 
seen is of greenish gray color and fibrous, closely resembling 
fibrous smithsonite and calcite. It is, however, distinguishable 
from smithsonite by its lower specific gravity and more lively 
effervescence in cold dilute hydrochloric acid, and distinguish- 
able from both smithsonite and calcite by the orthorhombic ter- 
minations of the fibers. A qualitative analysis showed the min- 
eral to contain a small amount of zinc carbonate, and in this re- 
spect to represent the zinc-bearing variety of aragonite found at 
Leadville, Colorado, to which G. M. Butler’ has given the name 
nicholsonite. The zinc content of the Tintic mineral however 
is not enough to affect appreciably the optical properties of 
typical aragonite. According to Dana’s “System of Mineral- 
ogy’? zinc is only rarely present in aragonite. 

Gypsum.—One specimen of gypsum was found in the May Day 


1 Butler, G. M., “Some Recent Developments at Leadville. The Oxidized 
Zinc Ores,” Econ. Geox., Vol. 8, No. 1, p. I, 1913. 
2 Sixth edition, p. 282. 
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EXPLANATION OF PLATE I. 


Fics. A and B. Finely granular, or replacement smithsonite ore (natural 
size), Tintic District, Utah. A, from the May Day mine, shows numerous 
small cavities attributed to shrinkage, accompanying replacement. The cavi- 
ties are partially filled with fine drusy smithsonite and, in a few cases, by 
calamine. B (monheimite), from the Yankee mine, illustrates partial replace- 
ment along closely spaced bedding planes and cross fractures, and subsequent 
removal of unreplaced limestone. 

Fic. C. Finely banded smithsonite-calamine ore (natural size). The lighter 
broad bands originally represented smithsonite and the darker narrow bands 
calamine; but in this specimen much of the smithsonite has been replaced by 
calamine. The dark patches represent leached portions stained with films of 
iron and manganese oxides. May Day mine, Tintic District, Utah. 





EXPLANATION OF PLATE II. 


Fics. A and B. Fibrous smithsonite (S) with hydrozincite (H) and fibrous 
calcite (C), natural size. The calcite rests upon a finely botryoidal surface 
of smithsonite. The hydrozincite in this specimen is finely fibrous and forms 
a distinct layer between layers of smithsonite. May Day mine, Tintic Dis- 
trict, Utah. 

Fic. C. Finely granular smithsonite (S) containing pockets lined with 
drusy or fibrous smithsonite (S’) and centrally filled with granular calcite 
(C). Hydrozincite (H) in this specimen appears to be a replacement of 
granular smithsonite around a pocket rather than a fibrous growth within the 
pocket. Natural size. May Day mine, Tintic District, Utah. 
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mine, coating a cavity in limestone beneath the large zinc stope. 
The gypsum occurred mostly as small colorless crystals uniformly 
oriented, but also formed a few peculiar curved crystals, an inch 
or more in total length, with surfaces of fibrous appearance. 
The crystals evidently grew in a semi-circular course, the ter- 
minations reaching nearly or quite to the surface to which the 
crystals are attached. ‘The occurrence of gypsum is of especial 
interest as a check on the explanation offered to account for the 


PARAGENESIS. 


The paragenesis of the minerals, or the order in which they 
formed, may be summarized from the foregoing descriptions as 
follows: , 

The smithsonite, or monheimite (zinc-iron carbonate), in its 
fine granular forms was the first ore mineral to form, replacing 
the limestone. This was apparently followed by the oxides of 
iron and manganese, which were in large part derived by oxida- 
tion from the carbonate ore and were still forming during the 
growths of the other zinc minerals and calcite. In fact oxidation 
of the gray carbonate ore is still in progress. The fibrous smith- 
sonite and hydrozincite followed, perhaps in part contemporane- 
ous with the iron and manganese oxides. The hydrozincite in 
some cases appears to be an alteration of the granular smithsonite. 
In others, where it forms layers between fibrous growths of 
smithsonite, it appears more like a contemporaneous growth 
caused by changes in the solution which had been depositing 
the smithsonite, reversal of which changes produced a renewal 
of smithsonite growth. Calamine in every case is distinctly later 
than smithsonite, but its relations to hydrozincite and aurichal- 
cite are not clear. The three minerals may be essentially con- 
temporaneous, their presence depending on the composition of 
the waters depositing them, either directly or by reaction with 
smithsonite. The aurichalcite and malachite, so far as seen, are 
later than smithsonite, but the former may be contemporaneous 
with the calamine and hydrozincite. The malachite, according 
to very meager evidence, appears to have followed hydrozincite. 
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The calcite as a whole is distinctly later than all the zinc minerals, 
although a little of it was noted in thin section to be of contem- 
poraneous growth with hydrozincite. Deposition of iron and 
manganese oxides was still going on in fissures during the de- 
position of a part of the calcite. No aragonite was seen in 
place. Its fibrous, botryoidal character suggests that it may 
have been contemporaneous with the fibrous smithsonite or with 
the fibrous calcite which followed, or possibly intermediate be- 
tween the two. The gypsum was not found closely associated 
with any of the other minerals. Its occurrence as a vug lining 
suggests that it was one of the latest minerals to crystallize, an 
its solubility in water, greater than that of calcite, further sug- 
gests that it was probably the latest of all the minerals. 


RANGE IN VALUES OF THE ORE, 


Although the amount of zinc in pure smithsonite is 52 per cent. 
and in pure calamine 61.8 per cent., it is seldom that shipping 
ore contains as high as 40 per cent. zinc. The pure minerals 
comprise but a small part of the ore shipped, the bulk of which 
is the granular carbonate ore, whose iron content, together with 
any manganese and other inconspicuous impurities lowers the 
zinc content. For example pure carbonate ore containing 70 per 
cent. zinc carbonate and 30 per cent. iron carbonate contains only 
36.4 per cent. of metallic zinc. Similar ore in which some unre- 
placed limestone remains contains smaller and smaller amounts 
of zinc. The minimum per centage in shipping ore obviously 
varies with the price of zinc. Early in 1913 when the price of 
zinc reached 7 cents a pound, ore containing 20 per cent. zinc, or 
even less, was shipped; in June of the same year after a fall in 
price, 29 was the minimum percentage, and the average shipping 
ore was between 30 and 35 per cent. metallic zinc. According 
to Heikes,’ the average assay of zinc ore shipped from the May 
Day mine in 1912 showed, besides zinc, 0.027 ounce of gold, 2.20 
ounces of silver, and 2.57 per cent. lead; but these metals are not 
paid for by the zinc buyers, and therefore arises the erroneous 


1 Op. cit., p. 24. 
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Fics. 1 to 5. Illustrating modes of occurrence of zinc carbonates in the 
Yankee mine. 
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supposition that there is no gold or silver in the zinc ore at either 
the May Day or the Yankee properties. 


DISTRIBUTION OF THE ORE BODIES. 

The oxidized zinc ore bodies thus far worked range in depth 
from 100 to 1,800 feet below the surface. All however are above 
water level and are closely connected with those of oxidized lead- 





Fic. 6. Illustrates mode of occurrence of zinc carbonates in the May Day 
mine (a generalized sketch) showing general relations of large zinc stope to 
lead stope. 


silver ore. Some few of the principal zinc stopes are in direct 
contact with those of lead, and others are connected with the 
lead stopes by fissures or pipes of zinc ore. The stopes closest 
to the lead stopes are commonly separated from them by a 
layer composed largely of iron oxide and small amounts of 
lead and zinc. So far as shapes and positions are concerned, 
the zinc ores may be divided into 2 groups; those forming 
casings around the lower parts of lead-silver stopes in fissure: 





a 


Fic. 7. Generalized cross section showing relations of zinc stopes to lead stopes, 
fissures, and bedding planes in the Gemini and Ridge and Valley mines. 
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veins or replacing nearly vertical beds, and those lying directly 
below, or down the dip from, replacement bodies in gently 
dipping beds. The first group is illustrated by the East Tintic 
Development, Lower Mammoth (?), and Gemini-Ridge and 
Valley (Fig. 7) the second group by the May Day and 
Yankee ore bodies (Figs. 1 to 6). Figs. 4 and 5 which repre- 
sent zinc stopes in the roof of gently dipping lead stopes, may 
be considered exceptions to this rule; but these are down the dip 
from the upper parts of the lead stopes, and doubtless owe their 
positions to the distribution of local fractures or water courses. 


GENESIS OF THE OXIDIZED ZINC ORES. 


The explanation generally offered of the occurrence and dis- 
tribution of zinc carbonate ores is that the sulphide, zinc blende, 
was oxidized by surface waters to sulphate, which was carried 
downward and finally brought in contact with limestone, with 
which it reacted, zinc carbonate being deposited and calcium 
sulphate being removed in solution. This explanation is con- 
firmed by experimental evidence and by the evidence presented by 
the oxidized zinc ores of the Tintic district. Remnants of sul- 
phide ore in the mines in question consist of galena and more 
or less pyrite, with cavities which may have been once filled with 
zinc blende. Ores from other mines in the district, both in lime- 
stone and porphyry, contain zinc blende in places, so there is no 
reason to doubt the original presence of zinc blende, although the 
amount of it which has escaped oxidation until the present time 
is exceedingly scarce. Pyrite occurred, in some places as con- 
siderable masses, above, or beside lead ores, and in others as 
scattered grains impregnating rock, especially porphyries now 
eroded from the surface above the ore bodies, also occasional 
dikes above or adjacent to the ore bodies (e. g., May Day). 
Decomposition of these pyrite occurrences, as will be shown 
presently, may have aided in the formation of the oxidized zinc 
ores. 

Observations, not only in the Tintic district, but in other dis- 
tricts where lead and lead-zinc ores are mined, show that zinc 
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blende is the first of the metallic sulphides to be removed fronr 
the primary ores by oxidation. Older experiments as well as. 
observations of ore deposits of contrasting types have led to con- 
flicting statements' regarding the relative rates of oxidation of 
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Fic. 8. Diagram illustrating paragenesis of oxidized zinc and associated 
minerals. (*In some specimens the growth of Smithsonite both before and 
after hydrozincite may be due to oscillatory changes in the character of the 
solutions depositing these minerals. ) 


the different sulphides; but the recent experiments of Gottschalk 
and Buehler? have shown that whereas pyrite alone oxidizes more 
rapidly than blende alone, the blende oxides by far the more 
rapidly if the two minerals are in contact. 

The result of these experiments implies that if descending sur- 
face waters carrying oxygen come in contact with pure blende, 
they will dissolve it very slowly, but will dissolve the blende in a 
galena-blende body more rapidly, and the blende in a pyrite- 

1A general discussion of this subject by W. H. Emmons will be found in 
Bull. U. S. Geol. Surv. No. 5209, 1913, pp. 41-143. 

2 Gottschalk, V. H., and Buehler, H. A., “ Oxidation of Sulphides,” Econ. 
Geot., Vol. 5, No. 1, 1910, pp. 28-36); (second paper) Econ. Geot., Vol. 7, 
No. 1, 1912, pp. 15-34. 
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blende body with or without galena, much more rapidly; also 
that water descending through pyritized porphyry or limestone 
and taking sulphuric acid and ferrous sulphate into solution 
will, if coming in contact with a body of blende, dissolve the 
blende more rapidly than water which does not first pass through 
pyritized ground. The composition and geologic relations of the 
primary ores, mentioned in the first paragraph, show that both 
these conditions existed in the Tintic district. 

The successive steps in the solution, transfer, and deposition 
of the zinc ores may be outlined as follows: 

The descending waters, after oxidizing the zinc blende and 
more or less of the galena and pyrite, carried the soluble zinc 
sulphates and iron sulphates downward through the ore body. 
As lead sulphate is relatively insoluble both in water and in dilute 
sulphuric acid, any of it formed at the same time as, or later 
than, the zinc sulphate remained largely in place, subsequently 
changing to the carbonate. On passing through the ore body 
into the limestone, any free sulphuric acid still present in the 
descending waters would at once react with the limestone, form- 
ing calcium sulphate which would be removed in the solution; 
next any ferric sulphate in solution would react with limestone,’ 
the iron being completely deposited as hydrate or hydrous oxide 
and the limestone going into solution as sulphate. The ferrous 
sulphate and zinc sulphate would next react with the limestone 
‘orming iron and zinc carbonate and calcium sulphate, but these 
reactions take place more slowly than in the preceding cases, and 
the distance through which iron and zinc carbonates could be de- 
posited would depend on the amount of ferrous and zinc sulphates 
brought in contact with the limestone, and the rate at which the 
waters carrying them could percolate through the openings in 
the rock. The question of separation of the ferrous iron from 
zinc at this stage has been discussed by Knopf? who states: 

1 This reaction was studied by Meigen in 1903, and is discussed by Knopf 
in his report on the Mineral Resources of the Inyo and White Mts., Calif., 
Bull. U. S. Geol. Surv., No. 540-B, 1913, p. 30. 


2 Knopf, Adolph, “ Mineral Resources of the Inyo and White Mountains, 
California,” Bull. 540-B, 1913, p. 31. 
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“ The separation of the zinc from ferrous iron would be determined by 
two factors—the concentration of the solutions in zinc and ferrous iron 
and the relative precipitability of the carbonates of zinc and ferrous iron. 
The solubility of zinc carbonates and of ferrous carbonate, measured in 
gram equivalents per liter, is respectively 1.7 X 10-* and 6.2 & 10-5 (data 
supplied by R. C. Wells, U. S. Geological Survey). From these figures 
it can be inferred that the iron is more easily precipitable and that this 
favors the segregation of the zinc from the iron. When, however, the 
concentration of the zinc becomes high relatively to the iron, both metals 
must come down together. No experimental data are available concern- 
ing the fractional precipitation of a mixture of sulphates of zinc and 
ferrous iron by means of calcium carbonate. . . .” 


The concentration of zinc relative to iron during the deposition 
of the Tintic zinc ores was relatively high, and both were pre- 
cipitated together, thus accounting for the iron carbonate present 
in the gray smithsonite (or monheimite) ore. Similar relations 
between manganese and zinc in solution are as yet undetermined 
experimentally, and it can only be inferred from the position of 
the manganese minerals in the ore bodies that the manganese car- 
bonate, present only in small quantity, was not deposited until the 
greater part of the zinc carbonate had been precipitated. The 
calcium sulphate which went into solution as the iron and zinc 
minerals were being deposited was for the most carried down- 
ward beyond the limits of the zinc ore bodies, presumably to 
water level. A little of it, however, where small amounts of the 
descending water became locally impounded in crevices or open- 
ings, was deposited in the form of gypsum druses in these 
openings. 

The remaining ore and gangue minerals, all of minor impor- 
tance, were formed after the deposition of the main smithsonite 
bodies, in part by alteration of the smithsonite and in part by sub- 
sequent infiltration of material. The drusy and fibrous smith- 
sonite was developed either by a recrystallization of replacement 
smithsonite along cavity walls, or by precipitation during a later 
stage of oxidation, after the proportion of sulphates with respect 
to carbonates in the descending waters had greatly decreased and 
any excess of free sulphuric acid neutralized. In the latter case 
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the freedom of smithsonite from iron implies the precipitation of 
iron prior to zinc, due perhaps to an increase of oxygen corre- 
sponding to the decrease of sulphates. The presence of free 
oxygen also accounts for the partial to complete oxidation of 
iron in the replacement smithsonite. Some of the iron oxide 
masses in the upper parts of the ore bodies or along fissuzes in 
them are evidently due to this process accompanied by separation 
of the zinc and its deposition as fibrous smithsonite or calamine. 

The hydrozincite may be attributable to changes in the char- 
acter of the solutions due either to depletion of zinc through de- 
position of smithsonite, or to relative increase of other constitu- 
ents. A new supply of solution could account for the renewal 
of smithsonite growth. Such intermittent supplies of the solu- 
tions are indicated by the concentric or parallel banding in fibrous 
smithsonite and hydrozincite, but the scarcity and localized occur- 
rence of hydrozincite indicate that the conditions which favor its 
deposition are seldom attained. In places where hydrozincite has 
evidently formed as an alteration product of smithsonite, the 
cause may again have been a change in the character of the solu- 
tion in which hydrozincite is the more stable form. 

The presence of aurichalcite may be attributed to small amounts 
of copper irregularly scattered through the original sulphide ores 
and to special conditions favoring the simultaneous precipitation 
of basic carbonates of zinc and copper. 

The aragonite, probably, and certainly the calcite followed the 
deposition of smithsonite and hydrozincite, though the latter and 
calcite overlapped slightly. The presence of a small percentage 
of zinc in the aragonite suggests that carbonated waters carrying 
calcium but mostly depleted of zinc deposited the aragonite as a 
continuation of smithsonite deposition. The fibrous forms of 
calcite on fibrous smithsonite suggest a similar explanation save 
that there was a distinct halt between the depositions of the two 
minerals, as shown by their contacts. The granular calcite, as 
well as the druses of flat rhombs or disc-like crystals, also point 
to a leaching and downward migration of calcite later than the 
transfer and deposition of zinc minerals, including calamine. 
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All these later carbonate minerals were evidently deposited dur- 
ing a second stage of descending water, after the source of sul- 
phur in the sulphates had been largely exhausted and carbon 
dioxide had become an important acid radicle. The scarcity of 
these minerals shows that the sulphate waters of the first stage 
were the principal agents which brought about the deposition of 
the oxidized zinc ores, and that the carbonate waters of the later 
stage have served only to make local variations of little or no 
commercial importance. 

The calamine was deposited during the second stage. Its 
silica was derived to a small extent at the points where its crys- 
tals are found, but came for the most part from silica in the 
formerly overlying porphyries, from replacement silica in the 
original ore bodies, and from the small percentage of quartz 
originally present in the limestone. Derivation of silica in situ 
is illustrated by the calamine crystals which border or impregnate 
quartz grains in smithsonite ore, where the calamine is clearly the 
result of reaction between the smithsonite and quartz; but this 
mode of origin, though proved in several thin sections, is not con- 
stant, and in some cases is insignificant even where considerable 
calamine is present. The bulk of the calamine probably derived 
its silica from descending waters. This dissolved silica reacted 
with smithsonite along water courses forming calamine druses 
and setting free the iron or manganese which had been deposited 
in the smithsonite. Where this reaction went on to practical 
completion the calamine appears as partial or complete cavity 
fillings walled by a porous mass of iron or manganese oxides 
in which are scattered a few calamine crystals, single or in groups. 
In other cases the dissolved silica permeated the fine pockety, or 
finely banded, smithsonite, causing a partial or complete replace- 
ment by calamine, and yielding small masses of mixed carbonate- 
silicate ore, or masses of relatively pure calamine, with struc- 
tures typical of massive smithsonite. The calamine was not all 
deposited at the points where reaction took place, but was in part 
carried in solution for short distances finally depositing in pockets 
or fractures in unaltered limestone, and leaving little or no evi- 
dence of reaction with the wall rock. 
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FACTORS INFLUENCING THE DISTRIBUTION OF ORE BODIES. 


Although it is generally agreed that the oxidized zinc ores have 
been derived by decomposition of zinc blende in primary sulphide 
ore, carried below the original ore bodies, and deposited from 
downward circulating waters, the simple relation of zinc ores 
immediately below the lead stopes is by no means constant, as the 
foregoing descriptions and figures have already shown. ‘There 
are several factors influencing the size and location of the zinc 
stopes and proper consideration of them will convince one that 
the variabilities already described are to be expected rather than 
otherwise. 

In the first place the proportion of zinc blende to galena in the 
original sulphide deposits cannot be inferred, as no unoxidized 
ores of this type have been found in the district. Furthermore 
it is quite possible, if not probable, that the original zinc blende 
was not uniformly distributed through all the stopes. It may 
have been evenly mixed with galena in some stopes, largely segre- 
gated in streaks or lenses in others, and such lenses may have pre- 
dominated in the upper part of one stope and in the lower part of 
another. Again the quantity of blende in one stope may have 
been relatively great, and in another relatively small. These 
variations, even if all other conditions were absolutely uniform, 
would cause considerable variation in the size and exact location 
of oxidized zinc ore bodies. The rate at which oxidation took 
place was doubtless different in different ore bodies. Some, 
owing to shattering or a relatively porous character, may have 
been more subject to attack than others, and their zinc contents 
dissolved from them have had a greater time in which to con- 
centrate, giving high grade bodies, whereas a slower oxidation 
and corresponding lack of time available for concentration would 
give rise to bodies of low grade. A more important, and prob- 
ably in many cases the most important, factor was the arrange- 
ment of courses followed by the descending waters which depos- 
ited the oxidized zinc ores. The courses depended on the relative 
openness and abundance of bedding planes, fissures, and minor 
fractures, and the relative porosity of the rock. In some cases, 
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the simplest to understand, the zinc solutions seeping downward 
found the immediate floor of the original sulphide body to be 
a permeable and easily replaceable rock, and therefore formed an 
oxidized zinc ore body immediately below the original ore body. 
In other cases an impervious and relatively unreplaceable bed, 
free from continuous fissures, may have formed the floor of the 
original ore body, and served to deflect the zinc solutions down 
the dip beyond the limits of the original ore body where they 
could attack and replace the same permeable bed in which the 
original ore was deposited. In still other cases a relatively un- 
replaceable bed may have been traversed by fissures which allowed 
the zinc solutions to pass through it to a more replaceable bed 
beneath, in which case the resulting oxidized zinc ore body may 
be located some distance from the original body, and connected 
with it by the fissures along which more or less zinc ore has been 
deposited. It is quite conceivable that localized fracturing or 
openness of bedding planes may be abundant in the hanging wall 
and scarce in the foot wall of a stope, thus forcing solutions work- 
ing downward along the dip or pitch of the original ore body to 
escape through the down-dip or down-pitch part of the hanging 
wall which may thus undergo replacement by oxidized zinc ore, 
whereas the foot wall remains practically barren. Such bodies 
in the hanging wall are hardly to be expected above a horizontal 
plane passing through the highest point of the original ore body, 
although exceptional artesian conditions could render such a 
position possible. 

These are all simplified cases, different variations of which 
may be expected in hunting for oxidized zinc ore. The quantity 
of ore in any case obviously depends on the amount of original 
zinc blende, an unknown factor, and the combination of con- 
ditions favoring the concentration or scattering of the oxidized 
ore. An extremely unfavorable case may be imagined in which 
a diverging system of fissures traversing a great thickness of rela- 
tively unreplaceable rock may so scatter the descending zinc solu- 
tions that, although the amount of original blende may have been 
considerable, no bodies of the oxidized minerals large enough to 
work have been derived from it. 
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REMARKS ON PROSPECTING FOR OXIDIZED ZINC ORES. 


It is evident from the foregoing discussion, that the safest 
way to prospect for the oxidized zinc ores, where they are not 
found at the very walls of lead-silver stopes, is to follow any 
promising fractures leading from the lead-silver stopes.These 
fractures as a rule will be found in the foot-walls of gently 
dipping stopes or in the lower parts of nearly vertical stopes, 
but in some cases they may be found in the down-dip or down- 
pitch portions of the hanging walls of gently dipping stopes. The 
promising character of these fissures may be indicated by small 
deposits of zinc minerals along them or by heavy stains of iron 
and manganese oxides. It should be borne in mind that iron 
oxides may have been deposited before the zinc ores and nearer to 
the lead stopes, also that oxidation processes which have been 
in progress since the deposition of the zinc ores may have effected 
a leaching and renewed migration of their zinc contents leaving a 
residual, usually porous mass composed largely of the iron and 
manganese oxides with small amounts of other insoluble mate- 
rial. Such masses of iron oxides will in many, but not neces- 
sarily all cases, contain small amounts of smithsonite and cala- 
mine, and may be found both in fissures, as already suggested, 
and as layers separating zinc ore below from lead-silver ore 
above. 

But although these favorable indications may be followed, it 
cannot be guaranteed that they will in every case lead to a large 
ore body. The more thorough the acquaintance one has with the 
details of stratigraphy, fissuring, and the composition and per- 
meability of individual limestone beds, the more able will he be to 
predict the most favorable places for the accumulation of the 
oxidized zinc ores, but even one so well posted must be ever on 
the lookout for the appearance of new or unexpected conditions, 
and must modify his working hypotheses accordingly. 








CERTAIN PHASES OF SUPERFICIAL DIFFUSION IN 
ORE DEPOSITS. 


R. A. F. PENROSE, Jr. 


The effect of surface agencies on the upper parts of ore de- 
posits involves, as is well known, not only ordinary superficial 
erosion, but also various chemical changes. Erosion carries 
away mechanically different constituents of the deposits, and the 
metalliferous or other materials may be concentrated elsewhere 
in alluvial formations or may be widely scattered. The chem- 
ical changes cause the breaking up of various mineralogical com- 
binations and the formation of others, during which metallifer- 
ous and other materials may be taken into solution and redepos- 
ited elsewhere in concentrated or diffused form, as conditions 
may determine. The present paper relates only to certain phases 
of this chemical migration of materials and not at all to the 
mechanical migration resulting from erosion. 

One of the most notable of the chemical changes that go on in 
the upper parts of some ore deposits as a result of alteration by 
surface agencies, is‘ well known to be the leaching of certain 
metalliferous constituents near the surface and their redeposition 
lower down in the deposits, causing a concentration that often re- 
sults in great enrichment. This is so important from an eco- 
nomic standpoint, so full of interest from a purely geological and 
chemical standpoint, and frequently so spectacular in its occur- 
rence, that it often attracts attention to the almost total disregard 
of the vast diffusion of leached metalliferous materials which usu- 
ally accompanies this concentration. In fact the amount con- 
centrated is usually small compared with the amount diffused, 
while often little or none has been concentrated and practically 
all the metalliferous materials leached from above have been dif- 
fused. So much attention, however, has been given to the con- 
centration phase of the subject, that superficial alteration in the 
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minds of many is considered necessarily to mean enrichment be- 
low. These remarks are not intended to detract from the im- 
portance of enrichment when it does occur, but only to draw 
attention to the diffusion that goes on; in fact the writer almost 
twenty years ago emphasized the importance of superficial en- 
richment, but at the same time he stated that it did not always 
occur.? 

In some ore deposits the upper parts? as they exist to-day can 
be seen to have been leached more or less completely of certain 
metalliferous materials for depths of from several hundred to a 
thousand feet or more, and yet often but a small part of these 
materials can be accounted for in what is found below, either in 
the form of oxidized products, sulphide enrichment, or other sub- 
stances resulting from superficial alteration. Moreover, erosion 
in many cases has for long ages been gradually carrying away 
the leached outcrops as they were formed, removing hundreds 
or even thousands of feet from the upper parts of ore deposits, 
so that enormous amounts of metalliferous materials may have 
been taken into solution from outcrops that no longer exist; and 
yet we do not find these materials redeposited below in quantities 
commensurate with what must have been leached from above.® 
Hence they must have gone somewhere else, or in other words, 
must have been diffused, instead of being accumulated in the 
ore deposit. 

As the exposed parts of an ore deposit are gradually eroded, 
superficial alteration constantly encroaches below on parts that 
may have been previously enriched by redeposition, and these 
parts may themselves in turn be subjected to leaching, just as 
once the parts above them were leached, and the metalliferous 
materials may be again taken into solution, to be again partly 

1“ The Superficial Alteration of Ore-Deposits,” The Journal of Geology, 
Vol. II., No. 3, April-May, 1894, pp. 288-317. 

2 Leaching in the outcrops of ore deposits is admirably discussed by W. H. 
Emmons in “ Outcrop of Orebodies,” published in “ Types of Ore Deposits,” 
H. Foster Bain, Mining and Scientific Press, San Francisco, 1911, pp. 209-323. 

3In many cases, the metalliferous materials may have been mostly carried 


away mechanically by erosion, but in many other cases they have doubtless 
been mostly taken into solution by leaching. 
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diffused and partly redeposited below in the ore deposit. This 
process may be repeated over and over again as erosion pro- 
gresses, and hence there is a natural check to accumulation, while 
diffusion continues freely, so that the ratio of the total amount 
of material diffused to the total amount accumulated at any one 
time constantly increases. Thus we have a reason why the 
amount diffused is often so vastly greater than the amount found 
redeposited below. 

The factors which determine the relative amounts of diffusion 
and accumulation by solution in the superficial alteration of ore 
deposits, are the chemical and physical nature of the deposits 
and of the enclosing rocks, the topography, the climate, and the 
various other local conditions. In an ore deposit which is suffi- 
ciently porous or fissured to allow the solutions to pass down into 
it, and yet has wall rocks sufficiently impervious and free from 
fissures to prevent the solutions from being readily deflected to 
outside areas, then a concentration and consequent enrichment 
may occur if suitable precipitating agents exist. 

Where, however, the wall rocks are porous or intersected by 
fissures, the solutions may pass out of the deposit andsbe lost in 
the drainage of the region, or may lay down their metalliferous 
contents in a more or less disseminated form in the enclosing 
rocks. In either case there is a diffusion of metalliferous mate- 
rials, and this may be increased if the ore deposit is of an im- 
pervious character which impedes downward percolation and thus 
encourages lateral migration of the solutions, or if precipitating 
agents are absent, so that the solutions pass through the ore de- 
posit without laying down their metalliferous contents, or under 
various other conditions. 

Thus we see that the relative amounts of diffusion and concen- 
tration of leached materials vary greatly under different condi- 
tions, and in nature we find all stages from diffusion with no 
concentration, to diffusion with very extensive concentration. 
In some deposits the leached outcrop comes into direct contact 
with the original unaltered ore, with apparently no intervening 
zone of oxidized materials, native metals, enriched sulphides, 
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or other products of superficial alteration; and here the materials 
from the outcrop have been altogether diffused. In other de- 
posits small quantities of redeposited metalliferous materials lie 
between the altered and the unaltered parts, or permeate the latter 
in films er streaks, representing slight concentration and enrich- 
ment; while elsewhere the quantities may increase to bodies of 
enriched ore of notable proportions, which sometimes grow to be 
the great bonanzas of the miner; but, as has been said, in most 
cases the total amount of diffusion has probably far exceeded 
the total amount of concentration. 

Diffusion in an ore deposit does not always represent impover- 
ishment from a commercial standpoint, for the metalliferous ma- 
terials dissolved and carried out’of the original deposit may 
be reprecipitated in the wall rocks adjoining the deposit, form- 
ing a new ore deposit, perhaps of lower grade than the original 
one but often of much wider extent. This is especially true 
where materials in the enclosing rocks are readily replaceable by 
materials in solution, or where the porous or fissured character 
of the rocks offers spaces for deposition by other processes of 
precipitation. Where, however, diffusion has carried the metal- 
liferous materials out of the original deposit through the neigh- 
boring rocks and into the general drainage of the country, they 
are lost so far as the locality in question is concerned, though in 
some far off spot they may sooner or later again be brought 
together. 

The features of diffusion or of concentration in solution are 
seen in deposits of most metals, but are more common with some 
metals than others. In copper and iron deposits they are often 
notably prominent and frequently of great commercial impor- 
tance. In some gold deposits marked diffusion and concentra- 
tion also occur, but as a rule the gold has migrated to less dis- 
tances in depth and laterally than copper and iron, while in many 
deposits the gold seems to have been almost untouched by super- 
ficial agencies. In silver, lead, zinc, nickel, tin, and many other 
metalliferous deposits, the effects of diffusion or concentration are 
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noticeable, but vary greatly according to the mineralogical char-. 
acter of the deposits and the local conditions.’ 

Thus we see that with some metals the migration in solution 
progresses rapidly and moves far, with others it progresses slowly 
and moves only short distances, the difference depending on the 
chemical affinities of the metals in question under the conditions 
surrounding them. In deposits containing ores of two or more 
metals, therefore, the relative amounts of diffusion or concentra- 
tion may vary greatly. Sometimes all the metals are affected 
by diffusion and concentration, though in different degrees, while 
sometimes none of them are appreciably affected, or one metal 
may be variously affected by diffusion and concentration and 
another may be left practically unchanged in the outcrop, or one 
may be totally diffused and another partly concentrated below, 
while many other combinations may also occur. 

1In many deposits not markedly affected by concentration or diffusion in 


solution, a marked mechanical concentration or diffusion may be produced 
by erosion. 


SOME GRAPHIC METHODS FOR THE SOLUTION 
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W. S. TANGIER SMITH. 
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PART I, 


INTRODUCTION. 


The following paper was begun as an attempt to gather into 
one place the more important geometrical problems encountered 
by the geologist—both in his field and in his office work, but more 
especially the latter—its chief object being to give in convenient 
form some of those things of which the geologist is occasionally 
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in need, and which he may not have opportunity to work out 
for himself when they are most wanted. It soon became ap- 
parent, however, that all the general graphic problems might be 
brought under and readily solved by one simple system of 
projection; and thus, while the original purpose has not been lost 
sight of, the paper has largely resolved itself into an exposition 
of contour projection as applied to the solution of geologic prob- 
lems. In connection with a few of the problems some trigo- 
nometrical values are given, in addition to the geometrical 
solutions. 

In the majority of geological problems which can be solved by 
geometrical methods, we are dealing with three dimensions, 
whereas in the geometrical solution of these problems we are 
confined, usually, to two dimensions—the plane of the paper on 
which our constructions are drawn. It becomes necessary, there- 
fore, to make use of one or more of the various methods of 
representing solids on a plane surface. Such representations may 
be most conveniently made either (1) by projecting the neces- 
sary elements of the solid into planes of projection which are 
represented as lying in the plane of construction; (2) by revolv- 
ing these elements into the plane of construction about axes which 
lie in that plane; or (3) by a combination of the two methods. 
All three methods are employed, although the last is perhaps 
most generally useful. It is to this type that contour projection 
belongs, and this is of especial value to the geologist on account 
of its simplicity, as well as its ready application to so many 
problems. 

CONTOUR PROJECTION. 

In contour projection objects are represented by their projec- 
tion by means of perpendicular lines from salient points—as in 
all orthographic projections—on a single horizontal projection 
plane or plane of reference. It differs from other forms of 
single-plane orthographic projection, in that surfaces are repre- 
sented, as the name implies, by their projected contours. The 
plane of reference represents some convenient level, or often no 
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definite level at all, depending on the nature of the problem to be 
solved. Any dipping plane will intersect this plane of reference 
in a straight line, the trace of the inclined plane in the plane of 
projection, which is referred to hereafter as the main trace of 
the plane. This trace is the zero contour (AB, Fig. 9), and 
properly oriented gives the strike of the plane. The intersection 
of the dipping plane with a second horizontal plane, at any given 
distance above or below the plane of reference, will be a second 
straight line or contour, which when projected on the plane of 
reference will give a straight line or projection contour, parallel 
to the zero contour, and at a distance from it depending on the 
vertical interval between the two horizontal planes, and on the 
angle of dip of the inclined plane (CF, Fig. 9). The principles 





Fic. 9. In this and succeeding figures, points and their projections are rep- 
resented by the usual minute dot or a small cross. Lines lying in the plane 
of projection, and being for the most part traces of planes, are indicated by 
a heavy continuous line. The projections of lines which lie outside the plane 
of projection (including contours, also dip triangles) are shown by a light 
continuous line. Lines lying outside the plane of projection but revolved 
into it are shown as a light dash line; while construction lines are drawn as 
short-dash or dotted lines. Piercing points of lines in the plane of projection 
are marked by a small circle. 


and results are the same as in the construction of contoured topo- 
graphic maps. 

While, to represent a complete plane, an infinite number of 
equally spaced, parallel, straight-line contours would be required, 
it is obvious that to indicate those features of the plane generally 
essential to the geologist—its dip and strike—only the two con- 
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tours already described are needed. If the surface to be pro- 
jected is not a mathematical plane, but variable in dip and strike 
from point to point, more contours will be necessary properly to 
represent it, and these will be unequally spaced, and will depart 
from straight lines in accordance with the variation of the strike 
of the surface represented. This is well illustrated in the ordi- 
nary contoured topographic map. 

“he vertical interval between the contours may be any con- 
venient distance, either measured by an actual number of feet, 
or other unit, or merely a suitable length for purposes of pro- 
jection. 

Problem 1.—To project a plane, given its dip and strike. 

Let the strike of the given plane be N. 75° E., and the dip 42° 
southerly. First draw the indefinite line AB, Fig. 9, in a direc- 
tion N. 75° E. This is the main trace of the plane. Near one 
end of it, as at 4, draw AC perpendicular to AB, and construct 
the angle DAC equal to the angle of dip of the plane. Lay off 
on AB the distance AE equal to the contour interval. By means 
of a line through E parallel to AC, determine on AD the point D, 
and draw CD parallel to AB, forming the dip triangle ACD. 
Where no actual measurements are required, as in this case, the 
contour interval may be taken as any convenient length, or a con- 
venient horizontal distance, AC, may be laid off at once without 
assuming any definite length for the contour interval, which may 
then be determined as CD by the completion of the dip triangle, 
the line CD having been drawn parallel to AB. 

By producing CD the projected contour CF is obtained, the 
original of which lies at a depth AE below the plane of projec- 
tion. In actual construction, however, the section DF may be 
omitted in order to avoid the confusion of unnecessary lines, the 
plane being sufficiently indicated by the trace AB and the angle 
of dip CAD, while the position of the contour is given by the 
line CD. 

As special cases of the projection of planes, there is at one 
extreme the vertical plane, whose projection, with that of all 
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points, lines, contours, or other figures lying in it, is a single 
straight line; while at the other extreme is the horizontal plane, 
which cannot be represented by contours at all, but can only be 
indicated by the projection of figures lying in it. 

To determine a plane with reference to other objects, it is of 
course necessary to know, in addition to its dip and strike, the 
location of some one point lying in the plane. 

Problem 2.—Given a plane represented in projection by con- 
tours, to determine its dip and strike. 

The method here is largely a reversal of that in the last prob- 
lem. The strike is of course determined by the orientation of the 
contours with reference to a north-south line. To determine the 
dip: At some convenient point on the main trace of the plane, as 
A, Fig. 9, draw the perpendicular AC, and on the contour CF 
lay off CD equal to the vertical contour interval. Drawing DA 
completes the dip triangle, and gives the angle of dip, CAD. 


T le of di vertical distance between contours 
an angle of dip = —. : - 
g P horizontal distance between contours 


Sin chieiory = vertical distance between contours 
slope distance between contours 

If a point lying in the given plane is given in projection, as K, 
Fig. 9, its distance from the plane of reference may be deter- 
mined by drawing through K the line TK parallel to the main 
trace of the plane, and producing it till it intersects dD and AC 
of the dip triangle. In the small triangle ATS thus formed, TS 
is the vertical distance of the point K, and AS its slope distance 
from the plane of reference. Or, the vertical distance of the 
point from the reference plane may be calculated from its hori- 
zontal distance from the main trace of the given plane: 


TS = MK tan TAS. 


Since in contour projection the only true measurements— 
linear and angular—of figures given in projection are those in 
which the originai of the projected figure is parallel to the plane 
of reference—as for example all projections of figures in a 
horizontal plane, or projections of horizontal lines in a dipping 
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or vertical plane—while figures lying in inclined planes are dis- 
torted to a greater or less extent, it is necessary, in order to 
obtain the true measures of such figures, to rotate them or a plane 
containing them into the plane of projection. This rotation 
must of course be made about some line lying in the plane of 
projection, the axis in the case of a plane being its main trace. 
Since the plane after rotation lies in the plane of the drawing, 
not only are true relationships of features lying in the plane 
shown, but geometrical constructions may be made and the plane 
then re-rotated into its original position. 

Problem 3.—To rotate the original of a projected plane into 
the plane of reference about the main trace of the plane as anavxis. 

Let BACD, Fig. 9, be the projection of a plane and ACD its 
dip triangle. The plane may be rotated into the reference plane 
either on the same side of the main trace as the contour CF or 
on the opposite side—the latter being often preferable to avoid 
confusion. The rotation is accomplished by laying off the dis- 
tance dG—the equivalent of AD, the slope distance of the con- 
tour CF from the trace AdB—at right angles to the main trace 
AB, and then drawing GR through G, parallel to AB. GR 
represents the original contour line of which CF is the projection. 

The position in the rotated plane of any point lying in the 
original plane and given in projection, as K, Fig. 9, may be de- 
termined as follows. Draw through the projection of the point 
a line KO perpendicular to the main trace of the plane, and on 
this line lay off MO equal to AS, the slope distance of the point 
from the main trace of the plane, this distance being determined 
as in the last problem. 

On the other hand, if a point is given in the rotated plane, as 
O in Fig. 9, to obtain its projection, first draw OM perpendicular 
to the main trace of the plane, then on AD lay off AS equal to 
OM and through S draw TK parallel to the main trace of the 
plane. The intersection of this parallel and the line OM pro- 
duced determines K the required projection. 

A line lying in the original plane and given in projection may 
be drawn in the rotated plane by determining in the latter two 
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points corresponding to any two points of the projected line, 
and connecting them by a straight line. The two points selected 
are preferably the intersections of the projection of the line with 
the two projected contours. The projected line BP, of Fig. 9, 
intersects the projected contours at B and P. Of these points, B 
is common to both projected and rotated planes. To obtain the 
point in the rotated plane corresponding to P, the line PR is 
drawn through this point perpendicular to the main trace of the 
plane. The intersection R of this line with the contour GR of 
the rotated plane is the required point, and BR the required line. 
By reversing this process a line drawn in the rotated plane may 
readily be projected. 


THE POINT IN CONTOUR PROJECTION. 

A point, in contour projection, is located horizontally by the 
point which is its projection. If it is desired to indicate its verti- 
cal position or distance above or below the plane of projection, 
a vertical line or plane is assumed as passing through the point 
and. necessarily through its projection also—and this line or 
plane is then rotated into the plane of projection. This is illus- 
trated in Fig. 10, in which A is the projection of a point B. 
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Through A the line AB is drawn in any convenient direction, 
the length of the line being determined by the distance of the 
point B above or below the plane of reference, laid off to scale. 
AB then represents the vertical line through A and B rotated 
into the plane of projection. 


THE LINE IN CONTOUR PROJECTION. 


A straight line in contour projection, though theoretically rep- 
resented by a rectilinear series of points, at the contour interval 
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apart, is in practice commonly projected as a line, except in the 
single instance in’ which it is vertical, when its projection is a 
single point. The projection locates the line horizontally and 
gives its orientation, or rather, the strike of the vertical plane 
passing through the line. To indicate the vertical relationships 
of a straight line, or of two points which determine a straight 
line, a vertical plane is assumed as passing through the line (or 
the points) and its projection, and this plane is rotated about its 
main trace into the plane of projection. 

Problem 4.—Given the projections of two points, to deter- 
mine the angle of dip of the line joining them, and its piercing 
point in the plane of projection. 

In Fig. 11 let A’ and B’ be the projections of two points A and 
B. Draw the line A’B’, the main trace of the vertical plane pass- 
ing through the two points. Rotate this vertical plane into the 
plane of projection by drawing the perpendiculars AA’ and BB’ 
to A’B’, adjusting their length by scale to the distances of A and 
B below (or above) the plane of projection. AB is the true dis- 
tance between the two points, C is the piercing point of the line 
through them in the plane of reference (referred to hereafter 
as the main piercing point of the line), and CB’ its projection, as 
well as that of the vertical plane containing the line. B’CB, the 
angle made by the line with the main trace of the vertical plane 
through it, is the angle of dip or slope angle of the line. 

If in drawing a line through two given points (A and B of 
Fig. 11) the piercing point lies outside the area of construction, 
the angle of dip may be determined by drawing through some 
point in the line, as 4, a line AD parallel to the main trace A’B’ 
of the vertical plane. 

A line is determined, in contour projection, by its orientation, 
its angle and direction of dip, and any one point on the line, as 
for example its main piercing point: or it may be determined by 
any two points on the line, as in Fig. 11. 

Problem 5.—Given a point and the orientation and inclination 
(dip angle) of a line passing through it, to project the line and 
to determine its main piercing point. 
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Let A’ (Fig. 11) be the projection of the given point. Through 
A’ draw A’B’ with the given orientation; this then is the required 
projection of the line, as well as that of the vertical plane through 
it. Rotate this vertical plane into the plane of reference and 
locate the given point A, of which 4’ is the projection. Through 
A draw AD parallel to A’B’, and construct at 4 the angle DAB 
equal to the inclination of the line and in the direction in which 
the latter dips—that is, in this case, toward D. Producing BA 
till it intersects the projection of the line, B’.4’, gives C, the main 
piercing point of the line. 

Problem 6.—To determine the piercing point of a given line 
with a given plane. 

Let ABCD (Fig. 12) be the projection of the given plane; N, 
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the projection of a known point, P, through which the given line 
passes; and EN, the projection of the given line and of the ver- 
tical plane through it. This vertical plane, since it contains the 
line, must also contain the piercing point of the line with the 
given plane. The vertical plane is then rotated into the plane of 
reference, the point P located and the given line GF drawn (by 
the method of Problem 5). At AK, the intersection of the main 
trace of the vertical plane with the projected contour CK of the 
given plane, a perpendicular to EF is erected, and on this per- 
pendicular KAZ is laid off equal to CD, the distance of the con- 
tour from the plane of projection. The line drawn through W 
and £ then represents the line of intersection of the inclined 
plane with the vertical plane; and the point G, in which this line 
intersects the line GF, represents, in the rotated vertical plane, 
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the piercing point of the given line with the inclined plane. The 
projection of this point is obtained by rotating the vertical plane 
back to its original position, that is, by drawing the perpendicular 
GH to EF, thus determining the point H, which is the projec- 
tion of the piercing point of the line with the given plane, the 
depth of this piercing point below the reference plane being 
given by the length of HG. 

This problem (like the preceding) is of value for purposes of 
construction; it is also useful in mining, in determining the point 
at which an underground working, such as an adit or drift, will 
meet a given plane, as a vein or fault. See also Problem Io. 


THE PLANE IN CONTOUR PROJECTION. 


As has already been shown, a plane, in contour projection, 
may be determined by two of its contours, or by its main trace 
(strike) and its dip angle or dip triangle, in addition to any one 
point lying in the plane. In contour projection, also, as in geom- 
etry, a plane may be determined by any three points not in the 
same straight line; by a line and a point outside it; or by two 
intersecting or parallel lines. In addition, it may be determined 
by the strike (or dip) and any two points not in the direction of 
strike (or dip). 

Problem 7.—Given any three points not in the same straight 
line, to determine the dip and strike of the plane containing them. 

The given points may be any three points determined in the 
field, at the surface or underground, or they may have been 
determined in working out some problem in projection. The 
plane may be a bed, vein, dike or fault plane, or merely a con- 
structional plane. If it is one of the former, its dip and strike 
are assumed as being essentially uniform throughout the area 
involved in the problem. 

Solution 1.—Let A’, B’, and C’ be the projections of three 
points, A, B, and C, whose elevations are respectively 900, 1,200, 
and 1,500 feet above sea level. If we assume the reference plane 
to lie 100 feet below C, then A will lie 500 feet below this plane, 
and B, 200 feet below. 
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Through two of the projected points, as A’ and B’, pass a 
vertical plane (main trace DA’), and rotate this into the plane 
of projection, locating A and B by scale. The main piercing 
point, D, of the line through A and B is then obtained by pro- 
ducing this line until it intersects the main trace, DA’, of the ver- 
tical plane. Or, the point D may be located by calculation from 
the proportion d’A — B’B: A’B’::A’A:(A’D). Next pass a 
vertical plane (main trace C’E) through C”’ parallel to that 





through 4’ and B’, and rotate into the plane of projection, locat- 
ing C, in such a way that it shall be on the opposite side of C’E 
from A and B, in this particular case. Through C draw CE 
parallel to DA, and locate its main piercing point, E, by its inter- 
section with the main trace, C’E, of the vertical plane, since C 
4R/ 7 
lies above the reference plane. Calculated: C’E = eae 
CE and DA represent two parallel lines lying in the plane under 
construction, and their main piercing points must lie in the main 
trace of that plane. This trace is determined by drawing the 
line DE, which is the required strike. 

To determine the dip: Through the projection of one of the 
points, preferably that furthest from the reference plane, that is, 
A, draw A’F perpendicular to the main trace of the plane, this 
perpendicular representing a vertical plane through A’. Rotate 
into the plane of projection and lay off A’G equal to 4’, at 
right angles to A’F. Draw GF. Then GF’ is the dip triangle 
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of the plane, and if desired a contour may be drawn at the re- 
quired depth parallel to the main trace DE. 

Resumé.—(1) Through two of the given points draw a line 
and find its main piercing point. (2) Through the third point 
draw a line parallel to that through the first two, and find its 
piercing point. (3) Connect the two main piercing points by a 
line for the main trace of the required plane. (4) Through one 
of the given points pass a vertical plane perpendicular to the 
main trace of the required plane, rotate this vertical plane into 
the reference plane, and construct the angle of dip or the dip 
triangle. 

Solution 2.—(1) Through two of the given points, 4 and C, 
Fig. 14, draw a line and find its main piercing point, £, which in 
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this case was calculated from the proportion 4’A + C’C:C’C 
::C’A:(C’E), being then checked by drawing CA. (The loca- 
tion of the three points and their lettering, here, are the same as 
under the preceding construction.) (2) Through one of these 
two points—A in this case—and the third point, B, pass a line 
and determine its main piercing point, D, as in Fig. 13. (3) Draw 
DE through the two main piercing points. This, as before, is 
the strike of the required plane, whose dip, A’FG, is determined 
as in the previous solution. 

This problem may be solved by other methods, but the two 
just given are among the simplest. In both of these the con- 
struction may be further simplified by assuming the reference 
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plane to pass through one of the given points (where the condi- 
tions are such as to make this possible), the uppermost being 
usually the most convenient. This would of course give directly 
one point in the main trace of the required plane—viz., that one 
of the given points through which the plane of projection passes ; 
the second point in the main trace being then obtained as in the 
solutions above, either (1) by drawing a line through the given 
point which lies in the reference plane and one of the other given 
points, then determining the main piercing point of a line parallel 
to this, through the third given point; or (2) by determining the 
main piercing point of the line through the other two given 
points. Or the method may be used which has been recently 
described by V. H. Barnett,’ and which is also applicable when 
no one of the three given points lies in the plane of projection. 
A modification of this method is given in the following problem. 


Problem 8.—To determine the dip and strike of a plane pass- 
ing through a given line and a given point outside it. 

This may be solved by methods similar to those used in the pre- 
ceding problem, or as follows. 

Let D’ (Fig. 15) be the projection of the given point D, and 
AB the projection of the given line (which is shown as AC in 
the rotated vertical plane containing it). By means of the line 
EF parallel to AB and at a distance from it equal to DD’, find 
on AC the point E whose depth below the reference plane is the 
same as that of the given point. The perpendicular EG from 


1 Barnett, V. H., “Field Methods of Geologic Mapping in Public Land 
States of the West,” Econ. Geor., Vol. VIII., No. 3, 1913, pp. 278-0. 
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E to AB gives G, the projection of E; or the location of G in the 
line AG may be calculated from the equation, 4G = DD’ cot BAC. 
By drawing D’G the projection of a contour of the required 
plane is obtained, whose depth is that of the point D. AH, 
drawn parallel to D’G through A, the main piercing point of the 
given line, is the main trace of the required plane, whose dip 
angle, DHD’, is obtained as in the solution of Problem 7. 

The given point, in this problem, may be a point in a bed, vein 
or fault, determined either at the surface or underground; while 
the given line may be obtained by the intersection of the plane 
with a cliff section or other surface. The problem is of value 
also for constructional purposes (see Problem 17). 

Problem 9.—Given two parallel or intersecting lines, to deter- 
mine the dip and strike of the plane passing through them. 

The main piercing points of the lines should first be deter- 
mined, the line joining them giving the main trace of the required 
plane, whose dip triangle is then constructed as in Fig. 14. 

Such parallel or intersecting lines may be obtained in the 
process of solving some problem by projection (as in Problem 
13), or they may be given in the field by the intersection of a 





bed with two cliff sections, or with the walls of a quarry; or by 
the intersection of a fault with two drifts of a mine. 

Let AF and AD (Fig. 16) be the strike of two walls of a 
quarry on which the angles of dip of a bed are @ and 8, respec- 
tively, 2 dipping toward and 8 away from the line of intersection 
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of the two walls. In this figure the reference plane is assumed 
as at the level of the floor of the quarry. At 4, the line AB, of 
any convenient length, is drawn perpendicular to AF, and AB’ 
equal to AB, is drawn perpendicular to dD. The angles ABC 
and AB’D are then constructed, equal to the complements of 
angles @ and B respectively. The two triangles thus formed, 
ABC and AB’D, represent the vertical planes containing the 
given lines, rotated into the plane of projection. The main 
piercing points of the lines are C and D, and the line, CD, joining 
them is the main trace or strike of the bed. The dip angle AEB” 
is then obtained by constructing the right triangle B’AE, in 
which AE is perpendicular to CD, and B’A is equal to BA and 
perpendicular to AE. : 

If a trigonometric solution of this problem is preferred, the 
strike of the bed may be determined if the angle ACD (= ¢) is 
known. Let y equal the angle CAD, the complement of the 
angle’ between the walls of the quarry, and p the true angle of 
dip of the bed, B’EA. Then 


Cot ¢ = cot 4tan B csc y — cot y, 
Cot p= cota sin¢. 


If the line of intersection of the bed and one of the quarry 
walls is horizontal, the direction of this wall must be the strike 
of the bed, unless the latter is horizontal, when its dip on the 
other wall also will be 0°. If the dip on any vertical wall is go°, 
this is the true dip of the bed. 

Problem 10.—Given the strike (or dip) of a plane and any 
two of its points not in the direction of strike (or dip), to pro- 
ject the plane. 

The plane may be a vein, bed, or fault, and the two points may 
be determined either at the surface or underground—e. g., the 
depth of the plane in two drill holes. 

1 Which angle of the four formed by the intersection of the strike-lines of 
the quarry walls shall be used in the solution (graphic as well as trigono- 
metric) of this problem, depends on the direction of dip of the inclined 
bed on the quarry walls, as well as on the method of solution adopted. For 


the solution given here, that angle must be used in which the dip on both 
walls or the walls produced is away from their line of intersection. 
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(a) When the strike is given. Let A and B be the two points, 
and let the plane of projection pass through A, the upper. Pro- 
ject the points A and B’, Fig. 17, and through 4 draw AC in the 
direction of the given strike. Pass a vertical plane (main trace 
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CB’) through B’ perpendicular to AC, and rotate into the plane 
of projection, locating the point B of which BD’ is the projection). 
Drawing BC completes the dip triangle and the required projec- 
tion of the plane. 

An application of this solution is seen in the first part of Prob- 
lem 24. 

If the plane of projection does not pass through either 4 or 
B,as inFig. 18,a vertical plane (main trace A’B’) is first passed 
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through the projections 4’ and B’ of these points, and this plane 
is then rotated into the plane of projection, and A and B are 
located. Through D, the main piercing point of the line joining 
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A and B, the main trace (CD) of the required plane is drawn in 
the direction of the given strike. The projection is completed by 
constructing the dip triangle CB’B”. 

Application of this solution is made later in Problem 27. 

(b) When the dip is given. Let A and B be the given points, 
the plane of projection passing through 4, the upper. Project 
the points, A and B’, Fig. 19. Through these projections pass 





a vertical plane (main trace 4B’) and rotate into the plane of 
projection, locating the point B of which B’ is the projection. 
At B construct the angle B’BE equal to the complement of the 
given angle of dip, and produce BE until it intersects AB’ pro- 
duced, at D’. The triangle B’BD’ thus formed represents the dip 
triangle of the required plane, rotated about B’B into the vertical 
plane whose main trace is AB’. Next, on AB’ as a hypothenuse 
construct the right triangle ADB’, having the side B’D equal to 
B’D’. AD of this triangle is the strike or main trace of the 
required plane, the projection being completed by the redrawing 
of the dip triangle, DB’B”, in its proper position. On which side 
of ABP’ the right triangle ADB’ should be constructed, depends, 
of course, on the general direction of dip of the formation, and 
in order to avoid confusion of lines, the vertical plane whose 
trace is AB’ should be rotated into the reference plane on that 
side of AB’ opposite to that on which the right triangle is to be 
constructed. 

For applications of this solution, see the latter parts of Prob- 
lems 23 and 24. 

If the plane of projection does not pass through either of the 
given points, the following more general solution may be used. 
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Let A’ and B’, Fig. 20, be the projection of the given points 
A and B, and let the dip of the plane containing the points be 
northeasterly. 

First, from the known vertical distances of 4 and B from the 
plane of projection and from the given angle of dip of the plane, 
calculate or determine graphically the horizontal distances, A’D 
and B’F, from A and B respectively, to the main trace of the 
plane. 

The graphic determination of the distance is made in the follow- 
ing manner. First, through the projection of one of the points, 
as A’, draw the indefinite line A’D in a general direction opposite 





to that in which the plane dips. A’A is then drawn perpendicular 
to A’D, and equal in length to the vertical distance of A from 
the plane of projection. Finally, the triangle AA’D is com- 
pleted, and the required distance A’D determined, by construct- 
ing at A,.the angle A’AG equal to the complement of the given 
angle of dip of the plane and producing AG to intersect A’D. 

Calculated, the required horizontal distance is equal to the 
given vertical distance multiplied by the cotangent of the angle 
of dip of the plane, or, 


A’D = AA’ cot A’DA. 


The distance B’F is determined graphically, or calculated, in 
the same way. 








METHODS FOR SOLUTION OF GEOLOGIC PROBLEMS. 43 


Using the horizontal distances, d’D and B’F, thus obtained, as 
radii, and with A’ and B’ as centers, arcs of circles CD and EF 
are then drawn, on that side of A’ and B’ opposite to that 
towards which the plane dips—southwesterly in this instance. 
The line CE, tangent to these arcs, is the required main trace of 
the plane. Knowing the angle of dip of the plane, further con- 
tours or the dip triangle may readily be drawn. 

An application of this solution to the contouring of a warped 
surface is seen in Fig. 46. 


PARALLELS. 


In contour projection, two lines are parallel if their projec- 
tions are parallel and if their dip angles are equal and lie in the 
same direction. The mere parallelism of their projections is 
insufficient to prove parallelism of the lines, since two parallel 
lines, in projection, may be the main traces of parallel vertical 
planes, or may represent two non-parallel lines lying in such 
planes. In general, two parallels are projected as two separate 
parallel lines; in a single vertical plane, however, two parallel 
lines. will have a common projection, unless they are perpendicu- 
lar to the reference plane, when their projections will be points. 

In contour projection, two planes are parallel if their main 
traces are parallel and if their dips are equal and in the same 
direction; or, expressing the dip in terms of projection, if their 
contours are equally spaced, or if their dip triangles show com- 
plete parallelism, their sides lying in the same direction. 

Problem 11.—Through a given point to draw a line parallel to 
a given line. 

Let C’ (Fig. 21) be the projection of the given point, C, and 
A’B the projection of the given line, dB, whose main piercing 
point is B. Rotate the vertical plane through 4B into the plane 
of projection, and construct AB at the proper angle with A’B. 
Through C’ draw C’D parallel to A’B; C’D is then the projection 
of the required line, as well as the main trace of the vertical plane 
through the given point parallel to the given line. Rotate this 
plane into the reference plane and locate the point C. Through 








44 W. S. TANGIER SMITH. 


C draw CD parallel to AB. CD is then the required line rotated 
into the plane of projection, and D, its intersection with C’D, is 
its main piercing point. 

If the given line and point lie in a plane which is already pro- 
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jected, as in Fig. 22, it is not necessary to rotate the vertical plane 
through the point and line into the reference plane in order to 
determine the main piercing point of the parallel line through 
the given point. For this parallel line must lie in the plane whose 
projection is given, and its main piercing point is therefore the 
intersection of this line (and its projection as well) with the 
main trace of the plane. All that is necessary, therefore, is to 
draw through C’ a line parallel to A’B, the main piercing point 
of the required line being D, the intersection of EB and C’D. 
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This problem is chiefly of value for purposes of construction 
—e. g., in Problems 13 and 18. 

Problem 12.—Through a given point to pass a plane parallel 
to a given plane. 
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Let ABCD (Fig. 23) be the projection of the given plane, and 
E’ that of the given point. Draw £’H, the main trace of a ver- 
tical plane through EF’, perpendicular to CD, the main trace of 
the given plane. Rotate this vertical plane into the plane of pro- 
jection and locate the point E. Through E& draw the line EF 
parallel to AC, making the angle E’FE equal to the dip angle of 
the given plane. Through F, the main piercing point of the line 
EF, draw FG parallel to CD, and complete the triangle FKL, 
making it equal to CBA. FG is the main trace and FKL the dip 
triangle of the required plane. 

This problem is of value for constructional purposes, as for 
example, Corollary, Problem 13, also Problems 21 and 24. 

Problem 13.—Through a given line to pass a plane parallel to 
a non-parallel and non-intersecting given line. 

Let AB (Fig. 24) be the projection of the first given line, and 





CD that of the second, which is non-parallel and non-intersecting. 
The two lines are shown in the rotated vertical planes passing 
through them, as AE and CH respectively. Through any con- 
venient point of the first line, as E’ (identical with E, projection 
B), the line E’F (projection FB) is drawn parallel to CH (Prob- 
lem 11). The line FA through the main piercing points, F and 
A, of the lines AE and FE’, which intersect at E (= E’), is the 
main trace of the required plane, and BGE” is its angle of dip. 
Corollary.—Two parallel planes are determined by two non- 
parallel lines lying in them, or by the four points which deter- 
mine such lines. Since by the definition of parallel planes, two 
such lines must be non-intersecting, one of the parallel planes 
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determined by them may be constructed by the method just given, 
and the other by passing a parallel plane through any convenient 
point of the remaining line (Problem 12). 

The two parallel planes may be two beds or the upper and 
lower surfaces of a formation, the non-parallel lines which lie 
in them being obtained from cliff or quarry walls or mine work- 
ings or from cross sections. Or the points which determine 
these lines may be obtained from surface outcrops or in borings 
or mine workings or from maps. 

This problem is essential to the solution of Problem 18. See 
also Problem 25. 


PERPENDICULARS AND THE MEASUREMENT OF DISTANCES, 


Two lines which are perpendicular to each other in projection 
rarely represent two perpendicular lines. The projections of two 
such lines are perpendicular only if one or both of the lines are 
parallel to the plane of projection. If a line is perpendicular to 
a plane, the projection of the line will be perpendicular to the 
main trace of the plane. The converse of this, however, is not 
true; for a line which is perpendicular to the main trace of a 
plane may be the projection not only of a line perpendicular to 
the plane, but also of the vertical plane which contains the per- 
pendicular, and of any other (except a vertical) line lying in the 
vertical plane. 

If two planes are perpendicular to each other their main 
traces are perpendicular only when one or both of the planes are 
vertical. From this it is seen that if the main trace of a vertical 
plane is perpendicular to that of an inclined plane, the two 
planes are perpendicular to each other. A line in the vertical 
plane perpendicular to the line of intersection of the two planes 
is perpendicular to the inclined plane. (Hence the method of 
solution in the following problem. ) 

Problem 14.—Through a given point to draw a perpendicular 
to a given plane; and to determine the shortest distance from the 
point to the plane. 

Let ABCD (Fig. 25) be the projection of a given plane, and 








METHODS FOR SOLUTION OF GEOLOGIC PROBLEMS. 47° 
E the projection of a given point. Through E draw EA, the 
main trace of a vertical plane through the given point, perpen- 
dicular to AB, the main trace of the given plane. Rotate the 
vertical plane into the plane of reference and locate AH, the trace 
of the given plane in the vertical plane; also the given point G, 
which in this case lies below the given plane. Through G draw 
GF perpendicular to AH. GF is the required perpendicular; 
F is its main piercing point, and K is the projection of H, the 





piercing point of the perpendicular with the given plane. Since 
GF lies in the vertical plane, its projection coincides with AF, 
the main trace of the plane. GH is the shortest distance from 
the given point to the given plane. 

Corollary.—lf a line is parallel to a plane, the distance between 
the two may be measured by determining the distance from any 
point on the line to the plane. 

For some of the applications of this problem see Problems 15, 
18 and 22. 

Problem 15.—Through a given line to pass a plane perpen- 
dicular to a given plane. 

Through any convenient point in the given line draw a line 
perpendicular to the given plane (by the method just given under 
Problem 14). A plane passed through this perpendicular and 
the given line (Problem 9) is the required plane. If the given 
line is perpendicular to the given plane, any plane passed through 
it will of course be perpendicular to the given plane,—the plane 
most readily constructed being a vertical one. 

This problem is of value for constructional purposes. See 
Problem 18. 

Problem 16.—To determine the distance between two given 
points. 
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Pass a vertical plane through the projected points and rotate 
this plane into the reference plane, when, after locating the 
points, the distance may be measured directly. If the two given 
points lie in a projected plane, the latter may be rotated into 
the plane of projection, the points located and their distance 
measured. 

The distance between two points at different elevations, and 
their horizontal and vertical relations—all commonly involved in 
a single field determination—may be expressed in various ways. 
In the right triangle ABC (Fig. 26),—constructed in the ver- 
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tical plane passing through the two points, A and B, by a line 
joining them, a vertical line through A and a horizontal line 
through B,—the distance between the points as well as their 
horizontal and vertical relations may be obtained from any two 
of the determining parts of the triangle itself—either two sides, 
or a side and an acute angle. The parts most commonly used 
are the vertical distance, AC, between the points, the horizontal 
distance, BC, the slope distance, AB, and the angle of elevation 
(or depression) or slope angle, ABC. Since any two of these 
parts determine the right triangle, if one of the pairs is given, 
any other desired parts of the triangle may be readily calculated 
or determined graphically. The graphic solution is the common 
geometric construction, and where it is a part of some other 
problem, as is usually the case, this construction may be made 
independently, or it may be incorporated in the larger problem 
of which it is a part, the latter being generally the simpler 
method. This incorporation needs no explanation, except per- 
haps in two cases, the first of which may be stated as follows: 
Given the vertical and slope distances between two points, and 
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the orientation of the line joining them, to project the points, or 
to determine the horizontal distance between them. 

Project the lower of the two points, A (Fig. 27). Pass a ver- 
tical plane (main trace 4B) through A in the direction of the 
second point, rotate this plane into the plane of projection, and 
locate the lower point, C, whose projection is A. On AC lay off 
the distance AD equal to the distance of the upper point below 
the plane of reference, and through D draw DE parallel to AB. 
The construction of this line will of course be unnecessary if 
the reference plane can be assumed to pass through the upper- 
most point. Then with C as a center and a radius equal to the 
slope distance between the two points, an arc is drawn intersect- 
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ing DE at E, which is then the required uppermost point in the 
rotated vertical plane, B being its projection, and DE the hori- 
zontal distance between it and the lower point. 

The other case is that in which the vertical distance and slope 
angle are given, to determine the horizontal and slope distances. 

The lower of the two points (C, Fig. 27) should first be 
located as before, and the parallel line DE drawn at the level of 
the upper point. The triangle is completed by constructing at 
C the complement of the angle of slope. 

The calculations for determining these same quantities (the 
distance between two points, or their horizontal or vertical rela- 
tions), since they involve merely parts of the right triangle fig- 
ured above, need no special comment. 

Problem 17.—To determine the shortest distance from a point 
to a line, or, through a given point without a given line to draw 
a perpendicular to that line. 

First pass a plane through the given point and line (Problem 
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8). Rotate this plane into the plane of projection and locate the 
line and point (Problem 3). The perpendicular may then be 
drawn, or the shortest distance determined, as in plane geometry, 
the plane, in the former case, being then re-rotated into its orig- 
inal position. 

In the same way, the shortest distance between two parallel 
lines may be determined by passing a plane through the lines and 
rotating it into the plane of projection, the distance between the 
lines being then measured as in plane geometry. 

Problem 18.—To determine the shortest distance between two 
non-parallel, non-intersecting straight lines. 

The shortest distance between two such lines is their mutual 
perpendicular. To obtain this perpendicular, or an equivalent 
distance, first, through one of the given lines a plane is passed 
parallel to the second given line (Problem 13). The distance 
from the latter to the parallel plane, which is equal to the shortest 
distance between the two given lines, may then be obtained as in 
Problem 14, Corollary. To obtain the actual perpendicular 
between the two given lines, a plane should be passed through 
the second given line perpendicular to the parallel plane contain- 
ing the first given line (Problem 15). This perpendicular plane, 
which intersects the first given line, is then rotated into the refer- 
ence plane, and the second line is located, also the piercing point 
of the first line in the perpendicular plane. The perpendicular line 
drawn from this piercing point to the second given line is the 
required perpendicular, and the plane containing it may then be 
re-rotated into its original position. 

This problem is used in determining the distance between two 
parallel planes (formation thickness) in one special case (Prob- 
lem 25). 

Problem 19.—To determine the distance from a given point 
to a given plane, in any given direction, and at a given angle with 
the horizontal. 

Let ABCD (Fig. 28) be the projection of the given plane, and. 
E the projection of the given point. Through E pass a vertical 
plane (main trace AZ), in the given direction, and rotate into 
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the plane of projection, locating the given point F, and drawing 
AG, the trace of the given plane in the vertical plane. Through 
F the line FH is then drawn, making the given angle of dip with 
the line FG (drawn through F parallel to AE), and meeting AG, 
the trace of the given plane, at H. FH is then the required dis- 
tance from the point F to the plane ABCD. 

This problem is of value in mining for determining such ques- 





tions as the length of tunnel required to reach a vein in a given 
direction; the depth to which a shaft must be sunk to strike a 
known vein; or the distance to which a drill-hole must be carried 
to penetrate a given formation. 

Problem 20.—To determine the distance between two given 
parallel planes. 

The distance between two parallel planes may be determined 
by projecting a vertical plane at right angles to the main traces 
of the given planes, and then rotating this into the plane of pro- 
jection. The distance between the parallel planes is the distance 
between their intersections with the vertical plane. 


Determination of the Thickness of a Formation. 


The most common application of the problem concerning the 
distance between two parallel planes is in the measurement of the 
thickness of a formation, when the conditions are not favorable 
for direct measurement in the field. 

The two surfaces bounding a formation may in most cases be 
considered as two parallel planes, within the limits involved in 
the problem. Where the two surfaces are not essentially parallel, 
or where they do not approximate planes—as in areas of con- 
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siderable folding—the variations must, of course, be determined, 
directly or indirectly, before the problem can be solved. Under 
these circumstances the thickness is perhaps best determined by 
the construction of cross sections. In the simpler cases, how- 
ever (in which the two surfaces are essentially parallel planes), 
since the distance between two parallel planes can be found if the 
planes themselves are determined, it follows that the determining 
factors of the two parallel planes are also the determining fac- 
tors of the distance between them. The thickness of a formation 
may therefore be ascertained if any one of the following groups 
of factors is known. 

1. Any three points—or their equivalent—in one formation 
surface, and one in the other. 

2. The dip and strike of the formation surfaces, and one point 
in each. 

3. The strike (or dip) of the formation surfaces, with their 
apparent dip and the distance between them in a vertical section 
diagonal to the line of strike; or the same factors in any inclined 
diagonal plane, provided the dip and strike of the latter are 
known. 

4. The strike (or dip) of the formation surfaces, and any two 
points in one of them, not in the direction of strike (or dip), 
with one point in the other. 

5. A line in each, or the points necessary to determine the two 
lines, which must be non-parallel. 

Of these groups, it is evident that the second, third and fourth 
are merely variants of the first, although each of the four re- 
quires a somewhat different method of solution. Whether the 
dip or the strike should be used in the third and fourth groups 
depends on the relative degree of accuracy with which these 
factors can be determined. The dip and strike and the necessary 
points or lines for the determination of the formation thickness 
may be obtained at the surface or underground, in the field, or 
from maps and cross sections, provided the scale of these is 
sufficiently large. 

The following problems relate to the determination of the 
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thickness of a formation when the different groups of factors 
(mentioned above) are given. 

Problem 21.—Given three points not in the same straight line, 
in one of the planes bounding a formation, and one point in the 
other bounding plane, to determine the thickness of the for- 
mation. 

Project the four given points, assuming the plane of reference 
to pass through the uppermost. Then, through the three points 
which lie in one of the formation surfaces, pass a plane (Prob- 
lem 7), and pass a plane parallel to this through the fourth point 
(Problem 12). Finally determine the distance between these 
parallel planes (Problem 20), which gives the required forma- 
tion thickness. 

Problem 22.—Given the dip and strike of a formation, and 
one point in each of its bounding planes,—as, a point in the out- 
crop of each—to determine the thickness of the formation. 

Let the two given points be A and B, lying respectively in the 
lower and upper boundary planes of the given formation, and let 
the plane of projection pass through A, the upper of the two 
points. Project the points (4 and B’, Fig. 29), and through A 
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draw AE, the strike of the plane in which A lies. Through B’ 
pass a vertical plane (main trace, B’E), perpendicular to AE, and 
rotate into the reference plane, locating the point B and the trace 
EF of the plane containing A (making the angle B’EF equal to 
the angle of dip of the formation). Through B the line BG may 
be drawn parallel to EF, and the distance (BF) between these 
parallels measured; or the perpendicular distance from B to EF 
may be determined without constructing BG. BF is the required 
thickness of the formation. 
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In the trigonometric solution of this problem, if the distance 
across the formation—whether the horizontal or slope distance 
—has been measured diagonally to the strike, the distance normal 
to the strike must first be obtained. This is equal to the diagonal 
distance multiplied by the sine of the angle included between the 
diagonal line and the strike of the formation; or (Fig. 29), 

B’E = AB’ sin EAB’. 
Since the slope distance and slope angle are also used in this 
solution, they should be determined, if the field measurements 


are not already in this form. 
In Fig. 30, A, B, C, and D, represent, in a vertical section 
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plane perpendicular to the line of strike, the points of outcrop of 
the surfaces bounding a succession of parallel formations. The 
lines AB, BC, and CD are drawn joining these points of outcrop, 
regardless of intervening surface irregularities. 

1. If the line joining the points of outcrop is horizontal, as 
between A and B, the formation thickness equals the distance 
across the formation multiplied by the sine of the angle of dip; or 


BG =ABsin BAG. 


2. If the line joining the points of outcrop slopes, and the for- 
mation dips in the opposite direction, as between B and C, the 
formation thickness equals the slope distance between the points 
of outcrop of the formation multiplied by the sine of the sum of 
the dip and slope angles; or 


CK = BCsin (EBK + CBE). 
3. If the line joining the points of outcrop slopes, and the for- 


mation dips in the same direction, as between C and D, the for- 
mation thickness equals the slope distance between the points of 
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outcrop of the formation multiplied by the sine of the differ- 
ence between the dip and slope angles; or 


DM =CDsin (FCM-—FCD). 


4. If the formation is vertical, its thickness, of course, equals 
the horizontal distance across it perpendicular to the strike. 

In the determination of the thickness of a formation from drill 
or shaft records, since the line joining the two given points is 
vertical, it is necessary to know only the relative elevation of 
these two points, in addition to the angle of dip of the formation. 
The direction of dip or strike is nonessential. 

The simplest graphic solution of this case is to assume a ver- 
tical plane passed through the drill hole in the direction of the 
dip of the formation, and the rotation of this plane into the 
plane of projection, as in Fig. 31, in which AC represents the 
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drill hole, and B and C the location of the top and bottom of the 
formation. Through B and C the parallel lines BD and CE are 
drawn at the proper angle of dip, and the thickness determined 
by the perpendicular CD. 


CD = BC cos angle of dip. 


Problem 23.—Given the strike of a formation and its appar- 
ent dip and thickness in an essentially vertical section (as a cliff 
or quarry wall) diagonal to the line of strike, to determine the 
true dip and thickness of the formation. 

Let AB (Fig. 32) be the strike of the lower surface of the 
formation, and DB that of the vertical section. Rotate this ver- 
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tical section into the reference plane, and construct at B the 
apparent angle of dip (DBF) of the formation in the vertical 
section. Draw DE parallel to BC and at a distance from it equal 
to the apparent thickness of the formation in the vertical section. 
At D, the intersection of DE with DB, draw DC perpendicular 
to DB. Through D a vertical plane (main trace DA) is next 
passed perpendicular to AB. This plane is then rotated into the 
reference plane, and the dip triangle AGD constructed by draw- 
ing GD perpendicular to AD and equal to DC, and drawing AG. 
DAG is the true angle of dip of the formation, whose thickness 
is determined by the perpendicular DH drawn from D to the 
line AG. 

If the apparent angle of dip in the vertical section =a, the 
angle between the vertical section and the strike of the formation 
=f, and the true angle of dip = ¢; then 


cot? = cotasinB; 
and if the apparent thickness = ?¢’ and the true thickness = f, 
t= t’/ secacos ¢. 


If the true dip instead of the strike is known, the latter may 
be determined as follows. Draw, as before, the trace of the ver- 
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tical section, DB (Fig. 33), also BC, DE, and DC, in the rotated 
vertical section. The dip triangle, DCA’, rotated into the vertical 
section, may then be constructed, and AB, the direction of strike, 
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determined by the method of Problem 10). The thickness of 
the formation is then obtained as before. 

The trigonometric determination of the direction of strike and 
the true thickness of the formation may be made from the values 
given above. 

Even when the section plane or surface is not vertical, the field 
determination of dip angle is commonly made as if it were, and 
often that of the thickness as well. If, however, the section sur- 
face is too greatly inclined, as on a hill slope, the problem may be 
solved by the following method, provided the three required 
points can be located on the given surface. 

Problem 24.—Given the strike of a formation and two points 
in one of its boundary planes not in the line of strike, also one 
point in the other boundary plane, to determine the dip and thick- 
ness of the formation. 

Let A, B, and C be the three given points, A and B lying in the 
upper boundary plane of the formation and C in the lower; and 
let the reference plane pass through the uppermost point, A. 
Project the points—A, B’, and C’, Fig. 34—and through A and 
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B pass the plane ADBB’ (Problem toa). Then through C pass 
the plane FEC’C parallel to the plane ADB’B (Problem 12), and 
finally determine the distance DG between the two planes (Prob- 
lem 20). B’DB is the required angle of dip of the formation, 
and DG the required thickness. 

If the true dip is known instead of the strike, the latter may be 
determined by the method of Problem 100 for the plane in 
which two of the given points lie (see Fig. 19, in which the loca- 
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tion of 4, B’ and C” is the same as that of the corresponding 
projections in Fig. 34). The thickness of the formation may 
then be obtained as before. 

Problem 25.—Given a line (or the two points which determine 
it) in cach of the two planes bounding a formation, the two lines 
being non-parallel, to determine the thickness of the formation. 

Project the given lines (or points) and construct the two 
parallel planes determined by them (corollary, Problem 13). 
The planes being projected, the distance between them may. be 
determined as in Problem 20, or the method given in Problem 18 
may be used instead. 


Determination of the Depth of a Formation. 


The depth at which a formation lies at any given point may 
be determined graphically in two ways. (1) The vertical dis- 
tance from the given point to the formation may be measured in 
a vertical structure section passing through the point; or (2) 
the relative elevations of the given point and a point vertically 
beneath it in the upper surface of the formation may be deter- 
mined, and the depth obtained from the difference in elevation of 
the two points. The latter method is especially applicable where 
many determinations may be required, from any point within 
commonly in connection with some economic- 





the area mapped 
ally important bed. 

Structure-Section Method of Determining Depth.—The sec- 
tion required for determining depth by the first or structure- 
section method may be made in the field, or may be based on 
field notes or geologic map; and in the simpler cases is often only 
a skeleton, containing merely the given point and the trace of the 
upper surface of the formation. In some instances, as in Prob- 
lem 26, the solution is simplest with the line of the section per- 
pendicular to the strike of the formation; other cases, as Prob- 
lem 27, may be more readily solved with the section line diagonal 
to the line of strike. To construct the section it is necessary to 
know, in addition to the location of the point, the determining 
factors of the line of intersection of the formation surface in the 
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section plane. This commonly involves the determining factors 
of the formation surface itself, and therefore where this surface 
approximates a plane within the area of the problem, its depth 
may be determined if, in addition to the given point, any three 
points (not in the same straight line) of the formation surface 
are known, or their equivalent—a line and a point without it; any 
two lines; the dip and strike and any point, or the strike (or dip) 
and any two points not in the direction of strike (or dip). 

Problem 26.—To determine the vertical distance (depth) from 
a given. point to a formation surface whose dip and strike are 
given together with the location of a point lying in the surface, 
as a point on its outcrop. 

Let A be the point from which the depth of the formation is to 
be determined, and B a point in the outcrop of the formation 
surface. Assume the plane of projection to pass through the 
uppermost of these points, B in this instance, and project the 
points, A’ and B, Fig. 35. Through B draw BC, the strike of 
the formation surface, and through J’ pass a vertical section 
plane (main trace A’C) perpendicular to BC. Rotate this plane 
into the plane of reference, locate the point A (whose projection 
is A’), and draw CD, the trace of the formation surface in the 
vertical (section) plane, by constructing the angle A’CD equal 
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to the given angle of dip of the formation surface. By produc- 
ing A’A, the perpendicular to A’C through the point 4, till it 
meets CD, the required depth, AD, is obtained. 

If the dip of the formation is not known, or cannot be deter- 
mined directly with exactness, but instead a point on the outcrop 
of an essentially parallel formation surface is given, and the 
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thickness of the rocks intervening between the two formation 
surfaces is known, the dip may readily be determined as follows. 
Let E’ (Fig. 35) be the projection of the point on the outcrop 
of the parallel formation surface. Through this point pass a 
vertical plane (main trace E’F) perpendicular to the strike line 
CB, and rotate this plane into the plane of projection, locating 
the point E of which E£’ is the projection. Then, with E as a 
center and with a radius, EG, equal to the thickness of the rocks 
between the two formation surfaces, describe the arc GH, and 
draw FG tangent to this arc. E’FG is the required angle of dip. 

For a trigonometric determination of the depth of a forma- 
tion, when the conditions are those of Problem 26, the following 
formulas may be used. If the distance from the given point to 
the outcrop of the formation surface—whether the horizontal 
or slope distance—has been measured diagonally to the strike, 
the corresponding measurement normal to the strike must first 
be obtained. 

Fig. 36 represents a vertical structure section perpendicular to 
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the line of strike. A, C, and E are the outcrops in this section 
of formation surfaces whose depths are required, B, D, and F 
being the given points from which the depths are to be measured. 
The lines AB, CD, and EF are drawn joining the points of out- 
crop with the given points, regardless of intervening surface 
irregularities. 

1. If the line joining the point of outcrop with the given point 
is horizontal, as between A and B, the depth of the formation 
surface equals the horizontal distance multiplied by the tangent 
of the angle of dip of the formation; or 


BG = AB tanBAG. 
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2. If the dip of the formation and the slope of the line joining 
the point of outcrop with the given point are in opposite direc- 
tions, as between C and D, the depth of the formation surface 
equals the slope distance between the point of outcrop and the 
given point multiplied by the sine of the sum of the angle of dip 
and the slope angle, the whole divided by the cosine of the angle 
of dip; or 

; CD sin (HCK + DCH) 
“8 cos HCK 


It also equals the horizontal distance between the same two 
points multiplied by the sum of the tangents of the angle of dip 
and the slope angle; or 


DK =CH (tan HCK + tanDCH). 


DK 


3. If the dip of the formation and the slope of the line joining 
the point of outcrop with the given point are in the same direc- 
tion, as between E and F, the depth of the formation surface 
equals the slope distance between the point of outcrop and the 
given point multiplied by the sine of the difference between the 
angie of dip and the slope angle, the whole divided by the cosine 
of the angle of dip; or 

PM — EF sin ( LEM — LEF) 
cos LEM 
It also equals the horizontal distance between the same two 
points multiplied by the difference between the tangents of the 
angle of dip and the slope angle; or 


FM = EL (tanLEM —tanLEF). 


Problem 27.—To determine the vertical distance (depth) from 
a given point to a formation surface whose strike is known as 
well as the location of any two points in it (as the depth of the 
surface in two drill holes) not in the line of strike. 

Let A be the given point from which the depth of the forma- 
tion is to be determined, and B and C two points lying in the 
formation surface, not in the line of strike. Assume the plane 
of projection, as before, to pass through the uppermost of the 
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points, 4 in this instance. Project the points, 4, B’ and C’, Fig. 
37, and through B’ and C” pass a vertical plane (main trace 
B’C’); rotate this into the reference plane, locating B and C. 
The line BC through these points is the trace of the formation 
surface in the vertical plane, which may be used as a diagonal 
section plane for the determination of depth by drawing through 
4 the line AE parallel to the strike of the formation, and at E, 





the intersection of this line with C’B’, drawing EF perpendicular 
to C’B’. The length of EF is the measure of the required depth. 

If the determining factors of the formation surface whose 
depth is required are given in any other form than in the two 
preceding problems,—that is, any three points of the plane not 
in a straight line; a line and a point without it; any two lines of 
the plane; or the dip and any two points not in the direction of 
dip—the solution of the problem will still be similar to that of 
one of the two cases just given. First, the formation surface is 
projected from its determining factors (Problems 7, 8, 9, or 
10b), also the given point from which the depth is to be deter- 
mined. The determination of the depth is then made either in a 
vertical section plane through the given point perpendicular to 
the strike of the formation, as in Problem 26; or, as in Problem 
27, by finding in some section plane already constructed a point 
at the same distance from the formation as the given point, and 
measuring the depth from this. 

If the formation whose depth is required does not outcrop, or 
if its outcrop is not well defined, the determination of depth 
must depend on borings which penetrate the formation, or the 
surface of some prominent outcropping parallel formation may 
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be used in the determination, provided the vertical distance be- 
tween the two formation surfaces or the thickness of the inter- 
vening beds is known. In this case the required depth at any 
point may be found by first determining the depth of the second 
or reference formation at the given point, and then adding or 
subtracting (depending on whether the formation whose depth 
is required is below or above the reference formation) an amount 
equal to the vertical interval between the two formation surfaces. 
If the interval between the two formations is given in terms of 
the thickness of the intervening beds, the vertical distance be- 
tween the surfaces should be determined from this, either 
graphically or by calculation, unless the dip is low and the thick- 
ness of the strata small, when the difference between the two 
measurements will be negligible. In fact, for a dip of ten de- 
grees and a thickness of one hundred feet of strata, this differ- 
ence amounts to only one and one half feet; and to six feet for 
a dip of twenty degrees. 

When it is necessary to make the determination, the vertical 
interval may be obtained graphically from the thickness of the 
intervening beds and the angle of dip, as in Fig. 38, which rep- 
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resents a vertical structure section through the given point 4, 
from which the depth is to be determined, perpendicular to the 
direction of strike, CD. CB is the trace of the surface of the 
reference formation, and from this and the thickness, BE, of 
the intervening beds, the trace, EF, of the parallel formation sur- 
face may readily be drawn, and the vertical interval, BF, and the 
depth, AF, determined. 

Trigonometrically, the vertical interval, BF, equals the thick- 
ness BE, of the intervening beds divided by the cosine of the 
angle of dip (EBF = GCB). 
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If the thickness of the intervening beds is not approximately 
uniform over the area involved, the variation in thickness in 
different directions must of course be determined, from out- 
crops, mines, or the records of wells or drill-holes, before the 
true depth can be found. 

When the formation surface whose depth is required does not 
approximate a plane within the area under consideration, the 
extent of its deviation must be ascertained from observed varia- 
tions in dip and strike in this and parallel formations, from the 
records of deep borings, or from the outcrops of the various 
parallel formations where the intervening rock thickness is 
known; and it will often be necessary to construct a detailed 
vertical structure section through the given point before the 
depth can be determined. When the structures of the bedded 
rocks become very complex through folding or faulting, it may 
be impossible to make any accurate determination of depth. 

Structure-Contour Method of Determining Depth.—In the 
second method for determining graphically the depth of a forma- 
tion—that by obtaining the difference in elevation between the 
given point and a point in the formation surface vertically beneath 
it—the elevation of the point in the formation surface is com- 
monly obtained from a contour map of this surface, which is 
usually constructed for the double purpose of determining depth 
and of showing the geologic structure of the bedded rocks of the 
area. For the latter reason, the contours are usually referred to 
as structure contours, though also known as bedding contours 
and underground contours, to which the name formation con- 
tours might be added. 

The structure contours are generally drawn directly on a topo- 
graphic map of the area, or they may be drawn on some trans- 
parent material to be used as an oversheet with the topo- 
graphic map. 

To construct a contour map of a formation surface, the eleva- 
tion of the surface must first be determined at numerous points, 
carefully located, and if possible well distributed. These eleva- 
tions may be obtained from outcrops, well or drill-hole records, 
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mine workings, structure sections, or from known altitudes in 
some other formation surface, when the vertical distance between 
the two formation surfaces is known or determinable. Where, 
for example, the formation surface has been removed by erosion, 
the elevation of the surface of some other prominent bed or for- 
mation may be obtained at points over the eroded area, and by 
adding the probable thickness of the intervening rocks, the ap- 
proximate elevation of corresponding points in the given surface 
may be obtained. The elevations having been determined at as 
many points as possible, these points should be projected on a 
topographic map of the area which is then used as a base-map 
for the structure contours, the drawing of which should present 
no difficulty if a sufficient number of points has been determined. 

The contouring of a surface largely unseen is of necessity more 
or less approximate and generalized. The accuracy and detail of 
the contouring will depend on (1) the number and distribution 
of points at which the elevation of the formation surface has 
been obtained; (2) the accuracy of the horizontal location of 
these points; (3) the accuracy of all altitude determinations; (4) 
the accuracy of well or drill records and the certainty with which 
the formation and its limits can be recognized in these records; 
(5) the difference between the assumed and the actual thickness 
of the intervening rocks at those points at which the elevation of 
the formation surface is determined from the altitude of some 
other bed or formation; (6) the simplicity or complexity of the 
geologic structures. It is obvious that structure contours can be 
most readily and accurately drawn when the formation surface 
approximates a plane, and that, as it departs from the plane, the 
construction increases in difficulty, becoming at last impossible 
when folding or faulting is too complex. Moreover, unless the 
determining points are numerous and properly distributed, details 
of structure, and especially the difference between moderate 
faulting and sharp monoclinal folding, cannot be distinguished. 

If a bed which is of economic importance is not well defined, 
it is often preferable to construct the structure contours on the 
surface of some prominent and readily recognized parallel bed, 
which is then termed the key stratum or formation. The depth 
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to the required bed at any point is then obtained by adding to or 
subtracting from the depth of the key formation at that point an 
amount equal to the thickness of the intervening beds, provided 
that this thickness is essentially constant within the area con- 
sidered, and that the dips are low. If this is not the case it may 
be necessary to construct a correction map or convergence sheet, 
which is described below. 

If a bed or formation does not outcrop, a contour map of its 
surface may still be constructed, in the manner outlined above, if 
a sufficient number of reliable records of suitably distributed 
deep wells and drill-holes (or other underground openings) are 
available. If such records and openings are few, however, it will 
usually be necessary to construct first a contour map of some out- 
cropping key formation, and a convergence sheet. 

The convergence sheet is a map from which may be obtained, 
for any point in the area covered by it, the vertical interval be- 
tween the upper surface of the key formation and that of the 
formation whose depth is required. To construct it, this vertical 
interval is determined at as many points as possible, and these 
points are plotted on a topographic base map—or on a trans- 
parent oversheet—the difference in vertical interval between the 
two formation surfaces being noted at each point plotted. These 
figures are then used as if they represented the elevation of the 
points, and a contour map is constructed accordingly. The con- 
tours, however, instead of being lines of equal elevation, are 
lines of equal vertical distance between the two formation sur- 
faces, and for this reason they have been termed isochor lines. 

Over this convergence sheet is laid a transparent tracing of 
the map of the key formation surface—or vice versa, if the con- 
vergence sheet has been drawn on a transparent material—and 
elevations are obtained for numerous scattered points in the sur- 
face of the lower formation, by subtracting the vertical interval 
obtained from the convergence sheet at these points from the 
elevation shown by the key formation map. Finally, from the 
elevations thus obtained, structure contours are drawn for the 
surface of the lower formation. 





(To be continued.) 











DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


FIELD AND OFFICE METHODS IN THE PREPARA- 
TION OF GEOLOGIC REPORTS. 


COMMERCIAL PETROGRAPHIC REPORTS. 


The form of report generally adopted for petrographic exami- 
nations is a written description. This will convey an accurate 
impression in proportion to the skill of the writer in petrography 
and his ability to express himself in clear language. This form 
of report takes so long to prepare and to digest that it is quite 
clumsy when applied to any large number of samples, especially 
when applied comparatively. There should be a simpler form 
in general use. 

The scheme of dividing the whole rock kingdom into numerical 
classes, orders, rangs, and sub-rangs helps matters somewhat in 
that it enables the petrographer to express himself more exactly 
in fewer words. This scheme is highly scientific and very inter- 
esting but quite unnaturally evolved. The present generation of 
mining men is not used to it and I fear that it will not be of 
much practical use until normal people begin to talk Esperanto 
and do other scientific but unnatural things. 

A form of report that I have been using for the past ten years 
is so simple and at the same time so capable of becoming com- 
plete in skillful hands that I desire to present it. One accustomed 
to this form of report can get as clear a picture of the rock in 
67 
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question by a glance at the sheet as he can by a long microscopic 
examination, for every determination made during the examina- 
tion is set down in its proper place and the important particulars 
are in the foreground. It will indicate any possible variation in 
composition and it shows metamorphic changes in process and 
extent. 

My form is nothing more than a square divided into two ver- 
tical columns, one for primary minerals and one for secondary 
minerals. The minerals that compose the rock are simply set 
down in order according to the proportion of the rock they make 
up. Lines with arrows indicate the relation of the second group 
to the first, a relation always of interest to mining men, espe- 
cially in reports on ore samples. If desirable to distinguish 
between different forms of the same mineral this can be done by 
symbol, as orthoclase P for othoclase phenocrysts and orthoclase 
B for orthoclase of a later crystallization, and if one wishes to 
calculate it, he can indicate the proportion of each form. In 
general practice, however, it is usually sufficient to state the form 
of the mineral in a note, or in the case of porphyritic igneous 
rocks simply to list the phenocrysts in a note. A textural term 
will express the rest. 

To exhibit my form clearly I have selected three samples from 
the Educational Series of Rocks as put out by the U. S. Geol. 
Survey and described in Bulletin 150. Sheets 1, 2 and 3 were 
first filled out by examining sections of the rocks but were later 
checked up to agree with the descriptions in detail. In reading 
these reports read first the descriptive lines and then examine 
the square. 

As a rule the four most abundant minerals in a rock and their 
relations will determine the rock. It does not take long to put 
these down on the sheet in their proper places and they can be 
read and their relations seen at a, glance. The accessory min- 
erals can be put down or not as desired; they will not alter the 
appearance of the report. They make the report more complete 
but as they occupy an accessory position on the sheet they in no 
sense obtrude on or hide the principal constituents which have 
more space in the column. 
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E. S. No. 87 is a fresh igneous rock, glassy, with phenocrysts. 
No. 112 is a partially altered peridotite and No. 144 is an igneous 
rock completely metamorphosed dynamically. In the latter the 
primary minerals are reconstructed. This is shown by bracket- 
ing in my report. Note how the kaolinization which is a second 
process of metamorphosis is shown. 

If the reader will go over the corresponding descriptions of 
these rocks in Bulletin 150, further explanation of my form will 
be superfluous. 

W. Harotp ToMLINsoN. 


MISUSE OF THE TERM “ ERUPTIVE.” 


Is not the term “eruptive”? employed by geological writers 
with too broad or too variable a meaning? This word properly 
refers only to those rocks which are poured out on the surface 
of the earth. It should be synonymous with volcanic, effusive, or 
extrusive. Yet we constantly find “eruptive” used with the 
much broader significance of “igneous,” thus including not only 
extrusive rocks, but also those which are intrusive or irruptive. 
This double meaning is unscientific, and, what is more, it is very 
often extremely confusing. 

Objection may be raised to the suggestion just made because 
so many geologists of wide repute use eruptive synonymously 
with igneous. Among these authors may be mentioned Rosen- 
busch, Geikie,* and Iddings.* However, precedent should not 
be justification for unnecessary obscurity of language. In 
Kemp’s “ Handbook of Rocks” we read: “The name ought 
properly to be only applied to effusive or volcanic rocks, but is 
often used as a synonym of igneous” (p. 135). Harker, in his 
“Natural History of Igneous Rocks,” employs the term 
tive” only with reference to volcanic rocks. 

In the writer’s opinion igneous rocks should be classified in 
two groups, (1) the irruptive or intrusive, including dikes, sills, 


‘ 


‘erup- 


1“ Elements der Gesteinslehre,” 2d ed., 1901, p. 34. 


2“ Text-book of Geology,” 4th ed., Vol. 1, p. 158. 
3“Tgneous Rocks,” Vol. 1, p. 206. 
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laccoliths, batholiths, etc., and (2) the eruptive or extrusive, 
including volcanic flows; and he would use these terms with no 


other significance. 
FreDERIC H. LAHEE. 


SECONDARY SILICATE ZONES. 


Sir: It was with more than usual interest that the writer pe- 
rused Professor Kemp’s discussion in Economic Grotocy, Vol. 
VIIL., p. 597, on W. L. Uglow’s “ Review of the Existing Hy- 
potheses on the Origin of the Secondary Silicate Zones at Con- 
tacts of Intrusives with Limestones.” 

Professor Kemp’s discussion came to hand just as the writer 
finished a close study of Mr. Uglow’s article in the light of 
above and underground studies of 4 beautifully exposed contact 
zone which he has been examining rather closely during the past 
year. In addition to this interest, the writer feels that Mr. 
Uglow’s paper leaves room for several comments. In the first 
place, the whole paper is markedly partisan to the strictly “ recrys- 
tallization in situ” side of the discussion, although the title leads 
one to think it is an unbiased review of the literature on the sub- 
ject. The present writer began the first reading of Mr. Uglow’s 
paper expecting such a needed non-partisan presentation of the 
whole subject, and he regrets that he was disappointed in that 
phase of the article. As a whole, however, the paper is worth 
while in stimulating thought and discussion. 

Perhaps the matters noted for remark may best be taken up 
seriatim, as Professor Kemp has done. On page 26, Mr. Uglow 
expresses himself as believing “it almost impossible to suppose 
that they (the iron deposits) have been formed in any other 
way than by direct introduction from the cooling magma.” It 
seems that he would believe if he could the iron to have been de- 
rived from the sediments. He concedes also, however, that the 
copper may have been in part contributed from the intrusive. 
The writer has a specimen showing magascopically recognizable 
chalcopyrite in unaltered granite (basic) from near a limestone 
contact. The source of these “personal communications” is 
not clear. 
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Mr. Uglow unreservedly admits in the last paragraph of page 
26 that he is setting out to champion the cause of no accessions 
of silica, iron, and alumina from the magma. He “ freely ad- 
mits,” however, that boron, fluorine, beryllium, etc., come from 
the magma. The writer has very definitely in mind an associa- 
tion of fluorite, calcite, pyrite, diopside, and white fibrous py- 
roxene (amphibole?) which he thinks would be very difficult to 
explain on the basis of nothing but fluorine introduced. Also 
boron is known to penetrate up to two hundred feet from the con- 
tact through millions of tons of quartz-mica schist over a consid- 
erable area. By analogy, at least, we might expect a little silica 
to migrate from the magma, especially if it existed in the uncon- 
solidated magma in part as a colloidal silicic acid which neces- 
sarily gave off water when the quartz formed. 

As a matter of fact the writer knows of certain secondary sili- 
cate bodies (no zones) which, together with sulphides, have their 
axial surfaces in fault zones, and one of these fault zones can be 
traced with certainty into a metal bearing quartz-filled fissure in 
the intruded granite. This case constitutes to the writer definite 
proof of fracture of the hardened outer wall and emanations from 
the interior of the magma along the opening. It is hoped to 
take up this problem in detail in a later paper. 

On page 27 Mr. Uglow sets aside the question of when and 
how the ore minerals of the contact zones were formed, but on 
page 44, No. 39, he bases an argument on them. The present 
writer feels that they must be used in the arguments both for and 
against the first stage emanations. 

Referring to No. 5, p. 29, the observations of the writer agree 
with Professor Kemp’s remarks to the extent that some areas 
of secondary silicate (as well as sulphide) formations are cer- 
tainly connected with local channels; others are not, hence he 
postulates both methods of secondary silicate formation in the 
case under his immediate observation. 

With regard to No. 6, pp. 29-30, the writer has observed 
patches of garnet, say an acre in extent, a considerable distance 
out in the intrusion. On the other hand, he has seen inclusions 
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of limestone with scarcely a film of magnetite to separate them 
from the granite. Garnet veins have been observed extending 
from calcareous rocks out into the granite. 

In No. 8, Mr. Uglow brings in the sulphides again, which he 
had promised on page 27 to leave out of the discussion. It 
seems that No. 8 is a very good argument on the other side of 
the question. 

In No. 20 (?) the in-dipping of strata is commented upon. 
Such a condition might be brought about by an outward bulge of 
the upper part of the magma; or, as the writer has observed, it 
may be due to tilting of marginal blocks by the moving magma. 
The writer believes that there are but few limestones so pure that 
some evidence of compression (No. 25) can be made out by 
patient examination of exposures, if there has been compression. 
Shortening to one third and less has been directly measured by the 
writer. It must be remembered, however, that the method in 
which the intrusion advanced,—the mechanics of the intrusion, so 
to speak,—imay have much influence on the character of the de- 
formation of the surrounding sediments. The forces produced 
by the laccolithic type of intrusion and those produced by the ex- 
pansion of a dike into a stock or a boss are quite different. Very 
much more might be said on this subject alone in its indirect 
bearings on secondary silicate zone formation. Heat effects, for 
instance, may not even approximate the conditions indicated in 
the latter part of Mr. Uglow’s paper, however valuable that may 
be in demonstrating an ideal case. 

As for No. 27, p. 39, any advocate of the emanation theory 
would surely say likewise, that there was certainly an original 
difference in the strata concerned which led to the easier access 
of the magmatic products along the stratum which contained the 
metals in such abundance. The writer has in mind an instance of 
a granite cutting across the strike of a limestone series at nearly 
right angles, where a porous zone in the limestone parallel to the 
bedding is altered and contains reddish and green garnets, cal- 
cite, actinolite (?), copper sulphides, gold, and large quantities of 
pyrite. This zone extends about 1,000 feet from the contact. 
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Adjacent limestone is pure white marble, and one hand can touch 
granite and marble across the contact without difficulty. No 
one would gainsay the probability that the mineralized zone was 
originally of different composition from the marble. But the se- 
lective metamorphism there evinced must certainly have involved 
the bringing in from the magma of copper, sulphur, and gold, and 
we may ask it for some silica, alumina, and iron to take care of 
the calcium left uncombined when the carbon dioxide was driven 
off. It seems most reasonable that the CO, did not leave until 
the other substances were at hand. It seems unreasonable to 
postulate enough silica and alumina already in the sediment to 
combine with all the calcium; and if calcium was carried away, 
where and how did it go, and why was the silica so left behind? 

Professor Kemp’s point with regard to the silicate ratios 
seems to the writer to be very well taken. The same difficulty 
presented itself vaguely to the writer several years ago when 
he studied the Iron Springs deposit, as outlined in Bulletin 338 
of the U. S. Geological Survey, at the University of Wisconsin. 
Is it reasonable to suppose all that calcium and magnesium car- 
bonate to have gone and left the silica in particular behind? Yet 
as Professor Kemp points out, we are called upon to assent to an 
enormous transference of silica by approximately cold waters on 
the Mesabi. 

In the not very distant future the writer hopes to set in order 
the observations on twenty-five miles of contact examined in some 
detail during the last year. In the beginning he was predisposed 
against the introduction of anything but metallic compounds from 
the magma, but now, though proper analyses are unfortunately 
lacking, field and mineralogical relationships testify that not only 
does recrystallization take place, but also that accessions of silica 
in particular are secured by the sediments from the magma in the 
formation of secondary silicates. 

Like Professor Kemp, on page 609, the writer has before him 
on the table as he writes some specimens of vesuvianite veins. 
One is a vein of vesuvianite, and garnet be it noted, one half inch 
to three inches in width. The “ well-bounded crystals (of vesuvi- 
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anite) project from the vein filling into the bordering rock,” a 
coarse-grained marble. The garnet and vesuvianite are in such 
relations as to indicate beyond question contemporaneous forma- 
tion. They contain iron-copper sulphide and _ considerable 
amounts of magnetite and iron amphibole (pyroxene?) abound 
near by. Such a congregation in the midst of a calcite (marble- 
dolomite is not present) gangue can, to the writer at least, be most 
reasonably explained on the basis of its practically all having been 
derived from the nearby (less than 100 feet) granite. And after 
all, our conclusions are only the most reasonable adjustments and 
correlations of causes and effects. 

In conclusion, it may be said that the further studies of (1) 
colloids, (2) osmotic and subcapillary chemical activities, (3) 
deposition on crystal faces, (4) electrochemical activities, (5) 
radio-active possibilities, and (6) differentiation and readjust- 
ments in the magma itself; together with systematic sampling, as 
Mr. Uglow suggests, in connection with secondary silicate zones 
and their associated magmatic products will do much to clear up 
these mooted question; and who knows but that they may change 
all of our conclusions? 

D. F. Hicarns. 


REVIEWS 


Outlines of Mineralogy for Geological Students. By GreNvILLE A. J. 
Core. Royal College of Science for Ireland. Longmans, Green and 
Co. New York. 1913. 8vo. viii + 339 pp., 124 figs. Price $1.60 net. 
It is not often that a reviewer examines a book on a subject which 

seems already to be surfeited with published works and closes the volume 

with the feeling that the author has written a book which is not only 
excellent but issmarked by a live interest and freshness seldom en- 
countered. 

The first half of the book deals with The Character of Minerals, in- 
cluding what we ordinarily term crystallography, physical, and chemical 
properties. The brief but sufficient treatment (extending 64 pp.) given 
to crystallography, is divided into the three chapters: Common Features 
of Crystals, Classes of Symmetry and Typical Forms in the Seven Crys- 
tallographic Systems, Twin Crystals and Cleavage. The prominence 
given to symmetry and the avoidance of an over abundance of lengthy 
crystallographic notations shows that the writer has kept his object well 
in view, namely that of writing an outline for geological students. 

Part II. describes the minerals which the geologist is likely to en- 
counter. The author regards an economic classification by which the 
ores of a particular element are brought together, as more serviceable to 
a practical geologist than the philosophical classification which for in- 
stance groups together the isomorphous carbonates irrespective of their 
metal base. The elements are treated in the inverse order of Mende- 
leeff’s table and, therefore, the minerals first described are those of iron 
(with Ni, CO, Pt) followed by those of manganese, etc. The wolfram- 
ites, for example, are treated as iron and manganese minerals and are 
referred to this place under tungsten. The incomplete success of the 
nomenclature scheme of having all mineral names end in “ ite,” has led 
the author to give preference to such names as rocksalt, pitchblende, 
chalcosine, for, as he says, even Dana preferred galena, calamine, cuspi- 
dine, etc., to galenite, calamite, cuspidite. 

The practical value of the mineral description can perhaps be best 
shown by quoting a sentence under epidote (p. 320). “ Alteration [of 
calcium feldspars and ferruginous silicates] into epidote toughens the 
rock-constituents, and the change may be contrasted with the production 
of chlorite and limonite, which induce decay.” 
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Numerous footnote references to the modern literature of mineralogy 

show that the author is thoroughly up to date and it is very gratifying 

to Americans to note that our work is receiving due recognition abroad, 

as evidenced by the numerous references to our literature. 

WALDEMAR T, SCHALLER. 


Ore Deposits. Published by American Institute of Mining Engineers, 

1913. Price bound in cloth $5, in half morocco $6. 

As stated on the title page, this volume is a sequel to the second edi- 
tion of the “ Genesis of Ore Deposits” by Franz Posepny and others, 
published by the Institute in 1902. It forms a collection of twenty-nine 
articles bearing on the genesis of ore deposits that have appeared in the 
Transactions of the Institute at various times from 1886 to 1910. At the 
request of Dr. Raymond the work of selecting these articles was under- 
taken by S. F. Emmons, and one of the most instructive parts of the 
volume is the introduction written by him, in which the contribution to 
science made in each of the papers of this volume and of the Posepny 
volume is succinctly stated. This introduction forms a comprehensive 
summary of the progress of thought in the science of ore deposition from 
the foundation of the American Institute of Mining Engineers in 1871 
to the present time—a development in which Emmons played a com- 
manding part, and which he was eminently qualified to record. As 
Emmons’s death occurred just at the time when the volume was ready to 
go to press, it appeared fitting to his friends in the Institute to make the 
book in a sense a memorial to him. The Emmons portrait which forms 
the frontispiece will recall the man vividly to all who knew him. Dr. 
Becker’s biographical notice of Emmons is a tribute of the best type of 
friendship and honors both men. 

It may be questioned whether the book will prove as useful to teachers 
of economic geology for student reference as the preceding Posepny 
volume, for most of the papers are less fundamental in character. Never- 
theless any steps towards assembling and making more accessible the 
working literature on ore deposits should be welcomed not only by the 
engineer at the isolated mine who must content himself with few books, 
but also to the city man whose geological library grows like an infant 
industry with the usual monopolistic results. 

Among the articles which geologists will be especially glad to have 
conveniently accessible are the important contribution by Kemp on 
“Copper Deposits at San Jose, Tamaulipas, Mexico,” that by Sjogren 
on “ The Geological Relations of the Scandinavian Iron Ores,” and “ The 
Agency of Manganese in Superficial Alteration and Secondary Enrich- 
ment of Gold Deposits” by W. H. Emmons. 

The feature of the volume that will perhaps be of broadest usefulness 
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is “ A Selected List of the More Important Contributions to the Investi- 

gation of the Origin of Metalliferous Ore Deposits,” prepared for this 

volume by J. D. Irving, H. D. Smith, and H. G. Ferguson. The first 
portion of this list is alphabetically arranged by authors; the second por- 
tion is arranged under subject headings. 

The complete list of papers in this volume is as follows: 

Genesis of Certain Ore-Deposits. By S. F. Emmons. 

Structural Relations of Ore-Deposits. By S. F. Emmons. 

Geological Distribution of the Useful Metals in the United States. By 
S. F. Emmons. Discussion, by Joun A, Courcu, ARTHUR WINSLOw, 
S. F. Emmons, and Witt1amM HAMILTON MERRITT. 

Torsional Theory of Joints. By Grorce F. Becker. Discussion by H. 
M. Howe, R. W. Raymonp, C. R. Boyp, and Georce F. BECKER. 

Allotropism of Gold. By Henry Louts. 

Superficial Alteration of Ore-Deposits. By R. A. F. PEnrosg, Jr. 

Some Mines of Rosita and Silver Cliff, Colorado. By S. F. Emmons. 

Genesis of Certain Auriferous Lodes. By Joun R. Don. Discussion, 
by JosEpH Lr Conte, S. F. Emmons, G. F. BecKer, ARTHUR WINS- 
Low, W. P. BLakg, and J. R. Don. 

Influence of Country-Rock on Mineral Veins. By WaAtLter Harvey 
WEED. 

Igneous Rocks and Circulating Waters as Factors in Ore-Deposition. 
3y J. F. Kemp. 

Consideration of Igneous Rocks and Their Segregation or Differentia- 
tion as Related to the Occurrence of Ores. By J. E. Spurr. Dis- 
cussion, by A. N. WINCHELL. 

Chemistry of Ore-Deposition. By WaLTer P. JENNEy. Discussion, by 
Joun A. Cuurcn. 

Ore-Deposits near Igneous Contacts. By WALTER Harvey WEED. Dis- 
cussion, by W. L. AusTIN. 

Ore-Deposition and Vein-Enrichment by Ascending Hot Waters. By 
WALTER Harvey WEED, 

Basaltic Zones as Guides to Ore-Deposits in the Cripple Creek District, 
Colorado. By E. A. STEVENS. 

Geological Features of the Gold-Production of North America. By 
W. LinpcGreN. Discussion, by W. G. MILLER, and W. L. AusTIN. 

Osmosis as a Factor in Ore-Formation. By HALBert Powers GILLETTE. 

Ore-Deposits of Sudbury, Ontario. By Cuartes W. Dickson. 

Genesis of the Copper-Deposits of Clifton-Morenci, Arizona. By W. 
LINDGREN. ; 

Copper-Deposits at San Jose, Tamaulipas, Mexico. By J. F. Kemp. 

Magmatic Origin of Vein-Forming Water in Southeastern Alaska. By 
A. C. SPENCER. 

Genetic Relations of the Western Nevada Ores. By J. E. Spurr. 
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Are the Quartz Veins of Silver Peak, Nevada, the Result of Magmatic 
Segregation? By J. B. Hastincs. 

Occurrence of Stibnite at Steamboat Springs, Nevada. By W. LINpGREN. 

Summary of Lake Superior Geology with Special Reference to Recent 
Studies of the Iron-Bearing Series. By C. K. Leiru. 

Geological Relations of the Scandinavian Iron-Ores. By H. Sy6cREn. 

Formation and Enrichment of Ore-Bearing Veins. (With Supplement- 
ary Paper.) By GrorcE J. BANCROFT. 

Distribution of the Elements in Igneous Rocks. By H. S. WasHINcrTon. 

Agency of Manganese in the Superficial Alteration and Secondary En- 
richment of Gold-Deposits of the United States. By W. H. Emmons. 

Cognate Papers. 

Bibliography of the Science of Ore-Deposits. By J. D. Irvine, H. D. 
SmitTH, and H. G. FEercuson. 
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Unsere Kohlen. P. Kuxuk. Leipzig, 1913. 
Anthrazit in den Karnischen Alpen. R. Carnavar. Carinthia, 1910, 
pp. 250-256. 
Notes from the Mid-Continental Oil Field. By Erasmus Haworru. 
Eng. and Min. Journ., Oct. 4, 1913. 


Oil and Gas Prospects in the Northwest Provinces of Canada. By 
Wyatt Matcotm. Can. Dept. of Mines, Memoir 29-E, 1913, 99 pages, 
illustrated. 

Exploracion de la Region Petrolifera de Salta. Guipo BOoNARELLI. 
Anales Soc. Cientifica Argentina, July, 1913, 27 pages, illustrated. 

Natural Gas and Petroleum. Reports on the Prospects of the Roma 
District. By A. C. Veatcu. Queensland Govt. Min. Journ., Apr. 
15, 1913. 

Kerosene Shale in Queensland. By Lionet C. Batt. Queensland Govt. 
Min. Journ., Apr. 15, 1913. 

Geological Exploration of Punta Arenas and the Northwestern Portion 
of Terra del Fuega, Chile, with the object of meeting possible Deposits 
of Petroleum. Min. Journ., May 17, 1913. 

The Maikop Oilfields. By Viapimir WinpA. Petrol. Rev., June 28, 
1913. 

Petroleum and Natural Gas in Mid-Continent Field. By Cnas. N. 
Goutp. Mfrs. Rec., Aug. 14, 1913. 


Russian Petroleum Industry during 1912. Consular Report. Petrol. 
Rev., May 31, 1913. 


Fuel Briquetting in 1912. By Epw. W. Parker. Advance chapter from 
Mineral Resources of the U. S., 1913, 10 pages. 
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The Production of Peat in 1912. By Cuas. A. Davis. Advance chapter 
from Mineral Resources of the U. S., 1912, 7 pages. 


Die Stein- und Braunkohlen Vorrate des deutschen Reiches. Boker 
Gliickauf, July 5 and 12, 1913, 2934 pages, illustrated. Also abridged 
in Stahl u Eisen, July 10 and 17, 1913. 

The coal and lignite reserves of the German Empire. 

Classification of Coals. By J. M. Gorpon. Can. Min. Journ., Aug. 15, 
1913. 

Contributions to Economic Geology (Short Papers and Preliminary Re- 
ports) 1910, Part II, Mineral Fuels. By Marius R. CAMPBELL, geolo- 
gist in charge. Bulletin 471, U. S. Geol. Survey, 1912, 655 pages. 

Die Entstehung der Braunkohlenlager zwischen Altenburg und Weissen- 
fels. Von FriepricH RAEFLER. Jena, 1911, 85 pages. 


Contributions to the Geology and Ore Deposits of East Coolgoordie Coal- 
field. By E. S. Simpson and C. G. Gisson. Bulletin 42, West Aus- 
tralia Geological Survey, Perth, 1912, 198 pages, with 3 maps, 29 plates 
and 2 figures. 

Coal in Namchili Valley. By E. H. Pascor. Geol. Survey of India, 
Records, Vol. 41, 1911, Calcutta, 1912, 1 plate. 

Coal—its Composition, Analysis, Utilization and Valuation. By O. E 
SoMERMILO. McGraw-Hill Book Co., New York, 169 pages. 

A. Study of Canadian Coals—in 6 volumes. By J. B. Porter, R. J. 
Durtey, etc. Department of Mines of Canada, Vol. I. and II., ready. 
Volumes IV.-VI. in press. 

Peat Deposits in Ohio, their Origin, Formation and Uses. By ALFrep 
Docunowski. Geol. Survey of Ohio, Fourth Series. Bull. No. 16, 
1912; 392 pages. 

Coals in the Three Forks of Kentucky River. By Jas. N. Hopce. Ken- 
tucky Geological Survey, Bull. No. 11, 1910, 280 pages. 

The Upper Cumberland Coalfield. By Jas. N. Hopce. Kentucky Geol. 
Survey, Bull. No. 13, Serial No. 16, 1912, 233 pages. 

Coals of the Western Border of the Eastern Coalfield. By A. M. Mitter. 
Ky. Geol. Survey, 1910, Bull. No. 12, 80 pages. 

Coals of the Licking Valley Region. By A. R. Cranpatr. Ky. Geol. 
Survey, 1910, Bull. No. 10, 81 pages. 

Coals of the Tradewater River Region. By T. C. Grenn. Ky. Geol. 

Survey, Bull. No. 17, Serial No. 24, 1912, 75 pages. 
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The Coalfields Adjacent to Pineville Gap in Bell and Knox Counties. By 
A. R. CRANDALL and G. M. Sutiivan. Ky. Geol. Survey, Bull. No. 
14, Serial 17, 1912, 130 pages. 

Map of the Coosa Coal Field with Vertical and Horizontal Sections. 
By Wo. F. Prouty. Geol. Survey of Alabama, 1912. 


A Study of Japanese Coals. By C. Iwasaxr. The Journ. of the Geol. 
Soc. of Tokyo, Nov. 20, 1912, Vol. XIX., No. 230, pp. 41-68. 
Japanese coals may be divided into 3 general divisions: Anthracite, 
bituminous and brown coal. There are two different kinds of anthra- 
cite; one in Mesozoic, the other in Tertiary rocks and both are believed 
to have received the effects of considerable volcanic action. The bitu- 
minous coals are reported as coking coals. The data upon which these 
conclusions are reached are presented in considerable detail in the 
report. 


Geology and Paleontology of the Warwickshire Coal Field. By R. D. 
VeRNON. The Quarterly Journ. of the Geological Society, Vol. 
LXVIII., No. 272, London, 1912, pp. 587-638. 

Coal Fields of Grand Mesa and the West Elk Mountains, Colorado. By 
Wits T. Lee. Bulletin U. S. Geol. Survey No. 510, 1912, 219 pages. 


The Southeastern Coal Fields, the Associated Rocks and the Buried 
Plateau. By W. Boyp Dawkins. Trans. of the Inst. of Min. Eng., 
Vol. XLIV., Part 2, 1913, pp. 350-378. 

A paper dealing with the discoveries made since 1894, showing how 
far it is possible to define the area of the coal-field and the range of 
the buried Paleozoic plateau over southeastern England. 


Coal Deposits in Missouri.. By Henry Hinps. Bureau of Geol. and 
Mines, Vol. XI., 2d Series, 478 pages, 97 illus., 7 maps. 

Coal Fields of Grand Mesa and the West Elk Mountains, Colorado. By 
W. T. Lee. Bulletin No. 510, U. S. Geol. Survey, 1912, 219 pages, 21 
plates, 37 figures. 


Natural History of Coal and Coal Dust. By James Lomax. Trans. 
Manchester Geol. and Min. Soc., Vol. XXXII., 1912, pp. 351-5. 


Petroleum in South California. California State Mining Bureau, 1913. 


The Oil-shales in the Lothians. Part I., The Geology of the Oil-shale 
Fields. By R. G. CarruTHERS, based on the work of H. M. Cavett and 
J. S. Grant. Part II., Methods of Working the Oil-shales. By W. 
CaLpDWELL. Part III., The Chemistry of the Oil-shales. By D. R. 
STEWART. Memoir of the Geol. Survey, Scotland, second edition, 1912. 

194 pages. 
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Oil Finding. By E. H. Cunnincuam Craic. Pub. by Edw. Arnold, 
London, 191 pages, illustrated. 
An introduction to the geological study of Petroleum, with a review 
of current theories of the origin of petroleum. The author favors the 
distillation of vegetal material as a source for oil. 


Sur la Possibilité de l’existence de gisements de pétrole au Congo. By 
J. Cornet. Annales de la Société geologique de Belgique Annexe au 
tome XXXVIII. des Annales, 191c-I9I11. 


The Salt Creek Oil Field, Natrona County, Wyoming. By C. E. Jami- 
son. Bulletin 4, Series B, Geol. Survey of Wyoming. 


On the Geologic Age of Paleozoic Coal Field in Manchuria and Corea. 
By S. Tokunaca. Journ. of the Geological Society of Tokyo, Vol. 
XX., 1913. 

Ueber das Erdélvorkommen von Borystow-Tustanowice in Galizien und 
iiber die Ursachen der Verwasserung’ eines Teiles diesen Oelfundorte. 
By Jurtrus Notu. Mitteilungen der Geologischen Gesellschaft in 
Wien, Band V., Heft. 3, pp. 287-305, 7 figs. 

An attempt to account for the flooding of certain oil wells in Galicia 
and a suggestion of possible methods of ameliorating the difficulties. 


Di experimentellen Grundlagen der Geochemie und Geomechanik der 
Erdole. By M. A. Rakusin. Mitteilungen der Geologischen Gesell- 
schaft in Wien, Band V., Heft. 3, 1912, pp. 272-286. 

This paper presents the results of a study of mineral oils from a geo- 
chemical standpoint. The most important results were obtained by the 
aid of the polarimeter. 


SALINES. 


Vorlaufige Mitteilung iiber einzelne Ergebnisse meiner Untersuchungen 
auf den Kaliwerken des Stassfurter Sattels.§ Von ScHUNEMANN. 
Zeit. f. prakt. Geol., May, 1913, 12 pages, illustrated. 

Advance communication on the results of researches at the potash 
mines of the Stassfurt anticlinal. 

Alunite and Kelp as Potash Fertilizers. By J. J. SkINNER and A. M. 
Jackson. U.S. Dept. of Agriculture, Bureau of Soils, Circular No. 
76, 1913. 

Possible Sources of Potash in the United States. By Frank K. CAMERON. 
Am. Fertilizer, July 12, 1913. 


Analyses of Certain of the Pacific Coast Kelps. By E. G. Parker and 
J. R. LinpemutH. Journ. Ind. and Eng. Chem., Apr., 1913. 
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Austrian Potash Exploitation and its Effect on the German Potash 
Industry. Am. Fertilizer, May 3, 1913. 
Ueber die Anwendung elektrischer Schwingungen (drahtloser Tele- 
graphie) zur Erforschung des Erdinnern, besonders im Kalibergbau. 
Von Lermpacn. Kali, Sept. 1, 1913. 
On the application of electric vibrations (wireless telegraphy) in the 
exploration of the interior of the earth, particularly in potash mining. 


Progress in Potash Prospecting in Railroad Valley, Nev. By E. E. Free, 
Min. and Sci. Press, Aug. 2, 1913. 

The Occurrence of Potassium Salts in the Salines of the United States. 
By J. W. TurrENTINE, with analyses by W. H. Ross, R. F. GARDNER, 
A. R. Merz and J. A. Cutten. U. S. Dept. of Agriculture, Bull. 94, 
1913, 96 pages, illustrated. 

Tho Leaching of Potash from Freshly Cut Kelp. By A. E. Murz and 
J. R. Linpemutu. Journ. Ind. and Eng. Chem., Sept., 1913. 


Zur Frage der Genesis der Steinsalz und Kalisalzlagerstatten im Tertiar 
vom Ober-Elsass und von Baden. Von Harzort. Zeit. f. prakt. Geol., 
March-April, 1913, 10 pages, illustrated. 

Concerning the genesis of rock-salt and potash-salt deposits in the 
tertiary of Upper Alsace and of Baden. 

Untersuchungen iiber die Bildungsverhaltnisse der ozeanischen Salzab- 
lagerungen. By J. H. Van’r Horr, and others. Leipzig, Akademische 
Verlagsgesellschaft, 1912, 374 pages, 8 tables, 89 text figures. 

In this volume is presented the results of many years of investiga- 
tion of the laws which control the precipitation of salts from oceanic 
waters. The study was made with special reference to the Stassfurt 
deposits. 

Russlands Salzindustrie. By F. Tuiess. Oest. Zeit. f. B. u. H., Apr. 
5, 1913. 

Mining Salt with Steam Shovel in California. Excavating Eng., Apr., 
1913. 

La Industria de Nitrato de Soda en Chile. Bettsarto D1az Ossa. Bol. 
Soc. Nac. de Mineria, Mar.—Apr., 1913, 914 pages, illustrated. 

Metodo de Esplotacion del Salitre Chileno por Medio de Palas a Vapor. 
Bol. Soc. Nac. de Mineria, Mar.—Apr., 1913, 7% pages, illustrated. 

Nitrate Fields of Chile. By Watter S. Tower. Pop. Sci. Monthly, 
Sept., 1913. 


Natural Soda Deposits in Egypt. By A. Lucas. Survey Dept., Paper 
22, Ministry of Finance, Egypt, 1912, 29 pages. 
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PHOSPHATE. 
Phosphate Deposits in Egypt. By Joun Bett. Min. Journ., Aug. 9, 
1913. From a report to the Egyptian Minister of Finance. 
Phosphate Industry of Algiers. Am. Fertilizer, June 28, 1913. 


White Rock Phosphates of Decatur County, Tenn. By T. Poort May- 
NARD. Resources of Tenn., July, 1913, 9 pages, illustrated. 

Phosphate Mining Industry of Algeria. By Dran B. Mason, U. S. 
Consul. Am. Fertilizer, Sept. 20, 1913. 

Ocean Island and its Phosphate Industry. By E. Osporne. Am. Ferti- 
lizer, Apr. 5, 1913. 


GRAPHITE AND MICA. 
Some Observations on the Graphite Deposits of Madagascar and Africa. 


By E. R. BAwpEN. Journ. Chem. Met.‘and Min. Soc. of South Africa, 
Dec., 1912, and Apr., 1913. Original paper and discussion. 


The Amherst (Quebec) Graphite Deposits. By Fritz Cirket. Journ. 
Can. Min. Inst., Vol. XV., 1912, 9 pages. 


Mica Mining in Canada in 1912. By Hucnu S. DeScumip. Min. and 
Eng. Wld., May 31, 1913. Paper before Can. Min. Inst. 


India Mica Industry. By Arcuipatp A. C. Diexson. Min. Journ., 
Aug. 9, 1913. 
Comments on a paper by A. F.. Dixon, previously indexed, also addi- 
tional information. 


The India Mica Industry. By Asner F. Dixon. Bull. Am. Inst. Min. 
Eng., May, 1913, 17 pages, illustrated. 


PRECIOUS STONES. 


Emeralds: Their Mode of Occurrence and Methods of Mining and Ex- 
tracting in Colombia. By Cuas. Open. Trans. Inst. of Min. and 
Met., London, 1912, Vol. XXI., pp. 193-203. 

In calcite veins traversing black carbonaceous limestone of Cre- 
taceous age an inch to 20 feet wide. Associated with quartz and dis- 
seminated pyrite, also gypsum and parisite. A pneumatolitic origin is 
considered probable. 


L’Exploitation des Gisements Diamantiferes de 1’Afrique australe 
Genie Civil, June 14, 1913, 6 pages, illustrated. 

Synthesis of Precious Stones. By J. H. Levin. Journ. Ind.:and Eng 

Chem., June, 1913. 
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Notes on the Anakie Sapphire Fields in 1913. By Lioner C. BALL. 
Queensland Govt. Min. Journ., May 15, 1913, 534 pages, illustrated. 


The Origin of Diamonds. By Davin Draper. Min. Mag., Sept., 1913. 
A. Trip to Madagascar, the Country of Beryls. By A. Lrecrorx. Ann. 
Report, Smithsonian Inst., 1912, 11 pages. 


Emerald Fields of Colombia. By F. P. Gamsa. Min. and Sci. Press, 
Aug. 30, 1913. 

Garnet Deposits of Warren County, N. Y. By Wm. J. Mitrer. New 
York State Museum, Bull. 164, Mar. 1, 1913. 


Precious Stones in Ceylon. By C.K. Moser. Daily Consular and Trade 
Reports, Aug. 13, 1913. 


REGIONAL AND THEORETICAL. 

Primary and Secondary Ores Considered with Especial Reference to the 
Gel and Rich Heavy Metal Ores. By P. Kruscn. Min. and Sci. 
Press, Vol. 107, No. 11, Sept. 13, 1913, pp. 418-23. 

A paper read before the International Geol. Congress. 


Essai sur la genése et 1’évolution des Roches. By Atrrep Viatay. H. 
Dunod et E. Pinto, Paris, 1912, 193 pages. 


The Imperial Geological Survey of Japan, Tokyo. 

A résumé treating of history, organization and functions, work— 
oil land survey results of the Geological Survey and an appendix treat- 
ing of various surveys. 

Geology of Culebra Cut. By D. F. MacDonatp. Ann. Report of the 
Isthmian Canal Commission, 1912, appendix E. 

Describes briefly the rocks of the Canal Zone and discusses the slides 
which interfere with excavation, of which four classes are recognized. 
Concludes that “ Almost the only remedy of practical importance in the 
slide problem is to lessen the weight of the high west slopes from the 
top, so as to reduce the tendency to slide, and to prevent, if possible, 
breaks and deforming movements.” 


The Petrology of the Sedimentary Rocks. By F. H. Hatcu and R. H. 
Rastatt. London, George Allen & Co. Vol. II. of a text-book of 
petrology, 414 pages. 

From the preface: “ The sedimentary rocks have, in comparison with 

the igneous rocks, been neglected by petrologists, although they are, 
from all points of view, not one whit less interesting.” 

The book is a systematic treatment of their occurrence, petrogenesis, 

microscopic structure and composition. 
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De Re Metallica. Translated from the first Latin edition of G. AGRICOLA 
of 1556, by H. C. and L. H. Hoover. London, 1913, 672 pages. 
With biographical introductions, annotations and appendices upon 
the development of mining methods, metallurgic processes, geology, 
mineralogy, etc., from the earliest time to the 16th century. 


Die Lagerstatten der nutzbaren mineralien und Gesteine. By F. Bry- 
SCHLAG, P. Kruscu, and J. H. L. Vocr. In three volumes, Vol. II., 
Stuttgart, 1913, 754 pp. 

Zur Kenntniss der Lagerstatten in der Provinz Catanga der Belgischen 
Kongo-Kolonie. Von Gui1LLEMAIN. Zeit. f. prakt. Geol., July, 1913, 
18 pages, illustrated. 

Contributions to the knowledge of the ore deposits in Katanga 
Province, Belgian Congo. 

Mineral Products along the Tennessee Central Railroad. By Wixpur A. 

Netson. Resources of Tenn., July, 1613, 24 pages, illustrated. 


Ore Deposits of the Kirkland Lake District. By Cuas. SPEARMAN. 
Can. Min. Journ., Oct. 1, 1913. 

Tho Minerals of Tennessee, Their Nature, Uses, Occurrence and Litera- 
ture. By A. H. Purpue. Resources of Tenn., Oct., 1913, 47% pages. 

Ueber die Gangverhaltnisse des Siegerlandes und seiner Umgebung. 


Von Bornuart. Zeit. f. prakt. Geol., Sept., 1913, 17 pages. 
On vein conditions in Siegerland and its surroundings. 


Ueberblick iiber die nutzbaren Lagerstatten Katangas. Von StTuTzer. 
Metall u. Erz., Aug. 30, 1913. 
A review of the useful mineral deposits of Katanga. 


Apuntes sobre Algunos Minerales del Estado de Chihuahua, Trinidad 
Paredes. Bol. Soc. Geol. Mex., 1912, Vol. 8, Part 1. 


General Report of the Geological Survey of India for the year 1912. 
By H. H. Haypen. Rec. Geol. Survey of India, May, 1913. 

Ore Deposits of the Philippine Islands. By F. T. Eppincrietp. Philip- 
pine Journ. of Aci., Apr., 1913. 

Geologic Folio of the United States, Kenova folio. By W. C. PHALEN. 
U. S. Geol. Survey, 1912, 20 pages, illustrated. 

Geologic Atlas of the U. S., Apashapa Folio. By Gro, W. Srosg. U. S. 
Geol. Survey, 1912, 16 pages, illustrated. 


Mining in Katanga, Congo Belgo. By R. H. Gwyn-WitttaMs. Min. 
Journ., Aug. 23, 1913. 
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Geologic Atlas of the United States. By Lawrence LaFarce and W. 
C. Puaten. Elijay folio, 187. 

Geology of the Columbus Quadrangle. By Criinton R. STAuFFER, GEO. 
D. Hupparp and J. A. Bownocxker. Bulletin 14, 4th series, Geological 
Survey of Ohio, in coop. with U. S. Geol. Survey. 


The Geology of Luzon, P. I. By Warren D. SmitH. Journ. of Geol., 
Vol. XXI., No. 1, pages 29-61, 1913. 
The occurrence of coal, via oil, gold, and copper is briefly described 
after physiography and geology have been discussed at greater length. 
Llano-Burnet Folio. By Sipney Paice. Geologic Atlas of the United 
States, Folio No. 183, field edition. 115 pages. Geologic and topo- 
graphic maps. 


Report of the Vermont State Geologist, 1911-12. By Gro. M. Perkins 
and others. Montpelier, Vt., 1912. 


The Metallogeny of the Japanese Islands. By C. Iwasaki. Journ. oi 
the College of Science, Imperial University of Tokyo, Vol. XXXIL., 
Art. 8, Tokyo, 1912, 23 pages, I pl. (map). 

The Japanese empire is subdivided into five metallogenetic provinces 
based on the differences in the igneous rocks associated with the ore 
bodies. The different types of igneous rocks which are considered as 
the source of the ores are (1) granite, (2) diorite-porphyrite, (3) 
serpentine?, (4) quartz-trachyte and propylite, (5) andesite. 

The Relation of Pyrrhotite to Chalcopyrite and Other Sulphides. By 
Artuur P. Toomrson. School of Mines Quart., July, 1913, 16 pages, 
illustrated. 

The Enrichment of Sulphide Ores. By W. H. Emmons. Bulletin 5209, 
U. S. Geol. Survey, 1913, 260 pages. 

Persistence of Ore Deposits in Depth. By Horace V. WincHELL, Min. 
and Sci. Press, Aug. 30, 1913. 

The General Principles Underlying Metamorphic Processes. By Joun 
JounstTon and Paut Miccri. Journ. of Geol., Sept.—Oct., 1913, 36 
pages. 

The Formation of Metalliferous Deposits. Min. Journ., June 28, 1913. 
Lecure before the Societe de l’Industrie Minerale. 

The Order of Crystallization in Igneous Rock. By N. L. Bowen. Journ. 
Geol., July-August, 1913. 


The Role of Certain Metallic Minerals in Precipitating Silver and Gold. 
By Cuase Pacmer and E. S. Bastin. Bull. Am. Inst. Min. Eng., 
May, 1913, 15 pages. 
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Secondary Sulphide Enrichment of Ores. By C. F. Totman, Jr: Min. 
and Sci. Press. 


). Fallacies in the Theory of the Organic Origin of Petroleum. By EucENE 
ul Coste. Trans. of the Inst. of Min. and Met., Vol. XXI., 1912, pp. 
gI-192. 


Sets forth the arguments of Mr. Coste in favor of an igneous origin 
for petroleum and is supplemented by a very full discussion by a num- 


d ber of members of the Institution. 
1. Water and Magmatic Gases. By Artnur L. Day and E. S. SHEPHERD. 
d Journ. of the Washington Academy of Sciences, Vol. III., No. 18, 1913. 


This paper is of much interest in its bearing on “ water” emanating 
from igneous masses, as a carrier of ore. Water was collected in con- 
siderable quantity (300 c.c.) directly from the liquid lava (at Kilauea) 
at a temperature of 1000° or higher—under conditions which com- 
pletely exclude contamination with air. 


j 
Gels in Relation to Ore Deposition. By E. Hatscuex and A. L. Srmon. 
” Trans. Inst. Min. and Met., London, Vol. XXI., pp. 451-459, with 
discussion, 1912. 


‘1 A study of silica gels having a direct bearing on the chemistry of 
‘i gold deposition in quartz veins. 
1S 
) The Origin of Colemanite Deposits. By Hoyr S. Gare. U. S. Geol. 
Survey, Prof. Paper 85-A, 1913. 
Paper based on a short personal study of the Borate Deposits of 
y Ventura County, California. 
Sy 
UNCLASSIFIED. 
Y Celestite Deposits in California and Arizona. By W.C. PHaten. U.S. 
Geol. Survey, Bull. 540-T, 1913, 15 pages, illustrated. 
1, 
Der Asphaltsee auf der Insel Trinidad und Verwertung des Trinidad 
Asphaltes. Von Grarre. Zeit. f. angew. Chem., Apr. 25, 1913, 6 
N pages, illustrated. 
6 The Asphalt Lake on the Island of Trinidad and the utilization of 
its asphalt. 
3. Pyrophyllite in North Carolina. By Craupe Harer. Eng. and Min. 
Journ., Oct. 4, 1913. 
. Pyrophyllite has characteristics of talc, and is used as such, although 
its composition is different. 
1. A. Possible Commercial Utilization of Nelsonite, which Consists of Ilmen- 
3 ite and Apatite. By Wm. H. Waccaman. Journ. Ind. and Eng. 


Chem., Sept., 1913. 
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Notes on Asbestos Veins and the Mineral Nephrite. By W. J. Wootsey. 
Can. Min. Journ., Aug. 15, 1913. 

Recovery and Treatment of Amber at Palmnicken (East Prussia). By 
E. BELLMANN. Min. Journ., July 26, 1913. From Gluckauf, June 14, 
1913. 

Der Carbonzug der Veitsch und seine Magnesite. Von Bepiicu. Zeit. f. 
prakt. Geol., 1913, 13% pages, illustrated. 

The Carbonaceous belt of Veitsch Creek valley and its magnesites. 

Ago and Continuation in Depth of the Manganese Ores of the Nagpur- 
Balaghor Area. By L. L. Frermor. Geological Survey of India, 
Records, Vol. 41, 1911, Calcutta, 1912, 3 plates. 

The ‘‘Glen’’ Bismuth Mines, North Queensland. By W. C. WatwortH 
Pearce. Trans. Inst. Mining and Metallurgy, London, Vol. XXI., pp. 
239-243. 

Horizontal veins of bismuth carbonate with a little metallic bismuth 
and wolfram in a gangue of topaz—in biotite granite. 

Some Notes Concerning a Deep Bore at Zwart Top, near Port Elizabeth, 
and Resulting Chalybeate Spring. By Gro. W.SmitH. South African 
Journ. of Sci., Vol. IX., No. 6, January, 1913. 

Records of London Wells. By G. Barrow and L. J. Witts. Memoirs 
of the Geol. Survey, England and Wales, London, 1913, 215 pages, 3 
plates, 4 figures. 

Texas Sulphur Deposits. By A. W. Davis. Am. Fertilizer, May 17, 
1913. 

Sulphur Industry of Sicily. By Juan BLanguier. Min. Journ., June 
28, 1913. 

Die Manganlager in Britisch-Indian. By A. HAnic. Osterreichische 
Zeitschrift fiir Berg- und Hiittenwesen, Oct. 16, 1913, Vol. LXI., pp. 
600-603. 

PRODUCTION. 


Reports des Operation Miniéres dans la Provence de Quebec durant 
l’annee, 1912. Bureau of Mines, Quebec, 1913. 


Mineral Resources of Alaska, 1912. By Atrrep H. Brooks and others. 
Bulletin, U. S. Geol. Survey, No. 542, 303 pages, X plates, 7 figures. 
The Production of Talc and Soapstone in 1912. By J. S. Ditter. Ad- 

vance Chapter from Mineral Resources of the U. S., 1912. 


The Production of Anthracite in 1912. By Epw. W. Parker. Advance 
chapter from Mineral Resources of the U. S., 1912, 19 pages. 
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The Production of Sand and Gravel in 1912. By RatpH W. Stone. 
Advance chapter from Mineral Resources of U. S., 1912. 

Tho Production of Magnesite in 1912. By C. G. Yate and H. S. Gate. 
Advance chapter from Mineral Resources of U. S., 1912. 

Mineral Resources of the United States. Part II., Non-metals, 1911. 
U. S. Geological Survey, 1912. 

The Production of Manganese and Manganiferous Ores in 1912. By 
D. F. Hewett. Advance chapter from Mineral Resources of U. S., 
1912, 21 pages. 

The Production of Antimony, Arsenic, Bismuth and Selenium in 1912. 
By Frank L. Hess. Advance chapter from Mineral Resources of the 
U. S., 1912, 13 pages. 

Quicksilver in 1912. Production and Resources. By H. D. McCaskey. 
Advance chapter from Mineral Resources of U. S., 1912, 18 pages. 
The Production of Platinum and Allied Metals in 1912. By Davin T. 

Day. Advance chapter from Mineral Resources of U. S., 1912, 7 pages. 

The Production of Bauxite and Aluminum in 1912. By W. C. PHALEN. 
Advance chapter from Mineral Resources of the U. S., 1912, 16 pages, 
illustrated. 

Quicksilver in 1912. Production and Resources. By H. D. McCaskey. 
Advance chapter from Mineral Resources of U. S., 1912, 20 pages. 

The Production of Lime in 1912. By Ratpu W. Stone. Advance chapter 
from Mineral Resources of the U. S., 1912. 

Gypsum Industry in 1912. By R. W. Stone. Advance chapter from 
Mineral Resources of the U. S., 1912. 

The Production of Fuller’s Earth in 1912. By Jerrerson MIppLeTon. 
Advance chapter from Mineral Resources of the U. S., 1912. 

The Production of Borax in 1912. By C. G. Yate and H. S. Gate. 
Advance chapter from Mineral Resources of U. S., 1912. 


The Production of Bauxite and Aluminum in 1912. By W. C. PHALEN. 
Advance chapter from Mineral Resources of U. S., 1912. 

The Production of Barytes in 1912, with a Note on Strontium Ores and 
Salts. By Jas. M. Hitt. Advance chapter from Mineral Resources 
OT W."55., 1Q12. 

The Production of Asbestos in 1912. By J. S. Ditter. Advance chapter 
from Mineral Resources of U. S., 1912, 13 pages, illustrated. 

Sulphur, Pyrite and Sulphuric Acid in 1912. By W.C. Puaten. Ad- 

vance chapter from Mineral Resources of U. S., 25 pages. 
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Potash Salts, Summary for 1912. By W.C. PHaten. Advance chapter 
from Mineral Resources of the U. S., 1912, 36 pages. 


Gems and Precious Stones in 1912. By Douctas B. STerreTT. Advance 
chapter from Mineral Resources of the U. S., 1912, 42 pages. 


The Production of Salt and Bromine in 1912. By W. C. PuHaten. Ad- 
vance chapter from Mineral Resources of the U. S., 1912, 23 pages. 


The Production of Asphalt, Related Bitumens, and Bituminous Rock in 
1912. By Davin T. Day. Advance chapter from Mineral Resources 
of the U. S., 1912, 12 pages. 

The Production of Fluorspar and Cryolite in 1912. By Ernest F. 
Burcuarp. Advance chapter from Mineral Resources of the U. S., 
1912, 9 pages, illustrated. 

Production of the Diamond in Electric Furnaces. By Francis P. MANN, 
Met. and Chem. Eng., June, 1913. 


The Production of Abrasive Materials in 1912. By FRANK J. Karz. 
Advance chapter from Mineral Resources of the U. S., 1912, 15 pages. 


Precious and Semiprecious Metals in Alaska in 1912. Mine Production. 
By Atrrep H. Brooxs. Advance chapter from Mineral Resources of 
the U. S., 1912, 16 pages. 

Precious and Semiprecious Metals in the Eastern States in 1912. Mine 
Production. By H. D. McCaskxey. Advance chapter from Mineral 
Resources of the U. S., 1912, 22 pages. 


Precious and Semiprecious Metals in the Central States in 1912. Mine 
Production. By B. S. Burrer and J. S. Duntop. Advance chapter 
from Mineral Resources of the U. S., 1912, 87 pages. 


The Production of Phosphate Rock in 1912. By W. C. Puaren. Ad- 
vance chapter from Mineral Resources of the U. S., 1912, 24 pages. 


Precious and Semiprecious Metals in Utah in 1912. Mine Production. 
By V. C. Herxes. Advance chapter of Mineral Resources of U. S., 
1912, 35 pages. 

Report of the Chief Inspector of Mines, for year 1911-12, with Statistics 
for the Calendar Year 1911. Mysore Geological Department, Banga- 
lore, 1913. 

Preliminary Report on the Mineral Production of Canada During the 
Calendar Year 1912. By Joun McLetsu. Dept. of Mines, Mines 
Branch, Ottawa. 


A General Summary of the Mineral Production of Canada During the 
Calendar Year 1911. By Joun McLetsu. Dept. of Mines, Mines 
Branch, Ottawa, 1913. 
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The Production of Cement, Lime, Clay Products, Stone and Other Struc- 
tural Materials in Canada During the Calendar Year 1911. Depart- 
ment of Mines, Mines Branch, Ottawa, 1912. 

The Production of Copper, Gold, Lead, Nickel, Silver, Zinc and Other 
Metals in Canada During the Calendar Year 1912. Department of 
Mines, Mines Branch, Ottawa, 1913. 

The Production of Coal and Coke in Canada During the Calendar Year 
1912. Dept. of Mines, Mines ‘Branch, Ottawa, 1912. 

Twenty-first Report of the Ontario Bureau of Mines, Part 1, 1912. 

Mineral Production of Oklahoma from 1901 to 1911. By D. W. OueErn. 
Bulletin No. 15, Okla. Geol. Survey, Part 2, pp. 29-45. 

Mineral Production for 1911. California State Mining Bureau. 

Mineral Resources of the United States, Part I., Metals, Calendar Year 
1911. U.S. Geological Survey, 1912. 

Mining and Quarry Industry of New York, 1910. Museum Bulletin 151, 
New York State Museum, 1911, 76 pages. 

The Resources of Tennessee. January, 1912. Geological Survey of 
Tennessee. A magazine devoted to the description, conservation and 
development of the resources of Tennessee. 

The Resources of Tennessee. Published quarterly by the State Geological 
Survey. Vol. III., No. 1, Coal Fields, Soils, Roads. 

The Mineral Resources of the Philippine Islands for the Year 1911. 
Issued by the Division of Mines, Bureau of Science, Warren D. Smith, 
Chief. Manila, 1912. 


Twelfth Biennial Report of the Bureau of Mines of the State of Colo- 
rado, for the years 1911 and 1912. Denver, 1913. 


Tho Production of Copper, Gold, Lead, Nickel, Silver, Zinc, and Other 
Metals in Canada During the Calendar Year 1911. By Cosmo T. Cart- 
WRIGHT. Canada Department of Mines, Ottowa, G. P. B. Advance 
chapter from Annual Report on Mineral Production. 

Mineral Production in India, 1910. By H. H. Haypen. Geological 
Survey of India, Records, Vol. 41, 1911, Calcutta, 1912. 

Production of Phosphate Rock in Florida in 1912. By E. H. SELLarp. 
5th Annual Report, Florida State Geological Survey, 1913, pp. 291-294. 

Mineral Resources of Alaska, 1912. By Atrrep H. Brooks and others. 

Bulletin 542 of the U. S. Geol. Survey. 
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Die Bergwerke, Salinen und Hutten im Deutschen Reiche und im Luxem- 
burg wahrend des Jahres, 1911. Vierteljahrsheften zur statistik des 
Deutschen Reichs, 21 Jahrgang, 1912, Heft. 4, pp. 16-42. 

Statistics of mining and metallurgy in the German Empire in IgII. 


BUILDING STONE AND CLAY PRODUCTS. 


Quensland Portland Cement Company’s Deposits at Flinders and Gore. 
3y B. Dunstan. Queensland Govt. Min. Journ., Apr. 15, 1913. 

The Commercial Qualities of the Slates of the U. S. and their Localities. 
By T. Netson Dare. Advance chapter of Mineral Resources of the 
U. S., 1913, 17 pages. 

Roads and Road Materials of Florida. By E. H. SeLiarns, H. H. Gunt- 
NER and N. H. Cox. Bulletin 2, Florida State Geol. Survey. 

Building Stones and Clay Products. By Heinricu Rirs. A handbook 
for architects. John Wiley & Sons, New York, 372 pages. 


WATER. 

Geology and Water Resources of Sulphur Spring Valley, Arizona. By 
O. E. Mernzer and F. C. Ketton, with a section on Agriculture by 
R. H. Forses. Water Supply Paper No. 230, U. S. Geol. Survey. 

Geology and Underground Waters of the Wichita Region. North-central 
Texas. By C. H. Gorpon. U. S. Geol. Survey Water Supply Paper 
317, 1913, 88 pages, illustrated. 

The Ground Waters. By Jas. F. Kemp. Bull. Am, Inst. Min. Eng., Apr., 
1913, 2114 pages. 

Water Powers of the Cascade Range, Part II. By Frep F. HensHaw 
and GLENN L. Parker. Water Supply Paper 313, U. S. Geol. Survey, 
165 pages, 21 plates, 12 figures. 

Les Moyens de decouvrir les eaux souterraines et de les utiliser. By 
Henrt Macer. Paris, H. Dunodet E. Pinot, 1912, 763 pages, illustrated. 

A treatise on underground waters. 

The Value of the Dix Liver as a Source of Water Power. By A. F, 
FoERISTE. Kentucky Geol. Survey Bull. No. 21, Serial No. 28, 1912, 
63, pages. 

Report on the Water Supply System of the Spring Valley Water System, 

San Francisco, Cal. By A. M. CuitrenpeN and A, O. Powett, A 

report to the Secretary of the Interior. 
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River Discharge. By J. C. Hoyr and A. C. Grover. For the use of 
Engineers and Students. Second edition, revised. John Wiley & 
Sons, New York, 168 pages, 1912. 

Surface Water Supply of the United States. Part X. The Great Basin. 
By F. F. Hensuaw, H. D. McGLasHan and E. A. Porter. Water 
Supply Paper 310, U. S. Geol. Survey, 1913, 196 pages. 

The Underground Waters of Southwestern Ohio. By M. L. FuLLer and 
F. G. Crapp. With a discussion of the chemical character of the 
waters, by R. B. Dore. Water Supply Paper No. 259, U. S. Geol. 
Survey, 1912, 217 pages. 

Underground Water Resources of Iowa. By W. H. Norton, W. S. 
Henprixson, H. E. Stmpson and O. E. MEINzER and others. Water 

_, Supply Paper 293, U. S. Geol. Survey, 1912. 


Uber die Genesis einiger Mineralien und Gesteine auf der Silikatischen 
Nickelerzlagerstatten von Frankenstein in Schlesien. By P. Kruscu. 
Zeit. des Deutsch Geol. Gesell., 1912, No. 12, pp. 568-577. 

The author believes that the water-bearing nickel magnesium silicate 
originated during the processes of weathering and is geologically very 
recent. 

Grundwasser und Quellen. Von Hans H6rer von HerMuHoLtT. Braun- 
schweig, Friedr. Vieweg u. Schn., 1912, 135 pp., 51 text figures. 


Lehrbuch der Grundwasser- und Quellenkunde. Von Konrap KEILHACK. 
Berlin, Gebruder Borntraeger, 1912, 545 pages, I table, 249 text figures. 






















SCIENTIFIC NOTES AND NEWS' 


A RECENT CIRCULAR STATES that the Bureau of Mines of the 
United States government will ask for an appropriation from 
Congress for investigation designed to prevent waste in the ex- 
ploitation of natural gas, petroleum, and coal. It is to be hoped 
that an appropriation for this very important work will be 
granted by the government. ‘The efforts of conservation in the 
past have been too much in the nature of a restriction of output 
and too little effort seems to have been made by the government 
agents to reduce the perfectly preventable amount of absolute 
waste which goes on in the exploitation of the materials above 
mentioned. 


THE Bureau or MINEs has recently issued Bulletin 70, “A 
Preliminary Report on Uranium, Radium, and Vanadium,” by 
R. B. Moore and K. L. Kithil. This will be found of unusual 
interest by mining geologists. 

THE FOLLOWING PAPERS were read at recent meetings of the 
Geological Society of Washington: January 4, a review by A. C. 
Spencer of L. Keith Ward’s papers on “ The relationship between 
the ore bodies and the igneous rocks of the Heemskirk-Comstock- 
Zeehan region, Tasmania,” and “The origin of certain contact 
rocks high in lime and magnesia.” January 28, ‘“ Bituminous 
shale in northwestern Colorado and northeastern Utah,” by D. 
T. Day and E. G. Woodruff. 


Dr. CHEsTER A. REEDs read a paper on “ The Odlites of the 
Chimneyhill Formation of Oklahoma,” before the January meet- 
ing of the New York Academy of Sciences. Another paper of 
interest read at the same meeting was on the “ Origin of some of 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 


or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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the Complex Structures of the Ancient Gneisses of New York,” 
by Dr. Charles P. Berkey. This latter paper was continued and 
discussed at the February meeting of the New York Academy. 
“On Climatic Variations” was the title of a paper read by Dr. 
Charles P. Berkey at the February meeting. 

THE NEW CATALOGUE of the establishment of Dr. Krantz in 
Boon affords a complete list of material necessary to students 
of mineralogy and economic geology. The catalogue contains 
110 illustrations of mineralogical, geological and paleontological 
collections, models of crystals, specimens of rocks, and models 
illustrating physiography and structural geology. It serves as an 
illustrated index to geological material. 

AT A MEETING of the State Geological Commission of Okla- 
homa late in December, the resignation of D. W. Ohern as direc- 
tor of the Oklahoma Geological Survey was accepted. L. C. 
Snider, the assistant director, declined to consider the directorship 
and C. W. Shannon, field geologist, was appointed director. The 
personnel of the scientific staff of the survey is now constituted 
as follows: C. W. Shannon, director, L. C. Snider, assistant 
director, L. E. Trout, field geologist, and William A. Buttram, 
chemist. 

Lioyp B. Smiru, of the Associated Geological Engineers, has 
returned from the West Indies, where he was engaged in examin- 
ing prospective oil properties. He is now making examinations 
in Oklahoma. L. G. Huntley is working in the Tampico oil fields. 

R. W. Brock, formerly director of the Canada Geological 
Survey, has been appointed Deputy Minister of the Department 
of Mines of Canada. 


AT THE ANNUAL MEETING of the Geological Society of Wash- 
ington on December 10, Arthur Keith was elected president. 

IN THE ABSENCE OF PROFESSOR MERRIAM, L. W. Stephenson, 
of the U. S. Geological Survey, will occupy the chair of paleon- 
tology in the University of California for the spring term of the 
current college year. 
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THE SUMMER OF 1913 was devoted by E. F. Burchard to a 
reconnaissance of marble deposits of southeast Alaska. Mr. 
Burchard visited Kupreanof, Admiralty, Chichagof, and Baran- 
of islands, as well as the mainland in the vicinity. 

Wits T. Lee spent the field season of 1913 in completing 


work on the Raton and Brilliant quadrangles in the Raton coal 
field, New Mexico. 


S1pNEY Pace concluded during the summer the areal mapping 


for folio publication of four quadrangles in the pre-Cambrian 
area of the southern Black Hills, South Dakota. 


Proressor L. G. WeEsTGATE, of Ohio Wesleyan College, will 
work on the U. S. Geological Survey in Washington during the 
spring months. 

F. L. Hess, during the summer of 1913, examined uranium 
and vanadium deposits in the Uinta, La Sal, and Henry Moun- 
tains, Brown’s Park and San Rafael, Utah. 





